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part 
of 
the 


pattern 


——— 


THE SEWING MACHINE... 
a recurring feature of the British domestic scene. 


Body and base plate pressure die cast And like countless other worthwhile products 
complete as one unit in aluminium alloy 


sae Uneutend Miainn MinabinantA8 it embodies castings made by Birmal. 


Dependable Birmal! As necessary in their way 

as stitches in a well made garment, 

and as seldom in the public eye. 

For more than 50 years Birmal skill has set the pattern 
for so many first class castings... 

in sewing machines and motor cars, 

in nuclear engineering and aeroplanes. 

And for many years to come, 

Birmal will continue to be relied on 


wherever the quality of castings counts. 


Birmingham Aluminium Casting (1903) Co. Ltd 


BIRMID WORKS SMETHWICK 40 STAFFS 
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Honeywell 
Proximity 
Switch 


detects ferrous materials 






v 


It detects rough or abrasive 
parts—no physical contact to 


cause wear. 
> 
















Accepts actuating motion 
from any direction, in any 
sequence. 


RQ 


Detects small parts in chute 
without detaining flow. 
















Can besubmerged, washeddown Is completely sealed, has no Itsstainlesssteel sensing 
with water and steam and even moving parts, is unaffected by face protects against 
covered withcuttingcompounds. _ dust, grit, abrasives. damage. 


WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, Greenford, Middlesex. Waxlow 2333. 

4 I should like brochure MIC 6 on your new Prozimity Switch. 

4 0 EE STS LR LODE EN ee Ne OER TLE 
POSITION ......... 





Sales Offices in the principal towns and cities in the United Kingdom 
and throughout the world. 


detection without contact! 
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*‘Sees’through stainless, brass, 
cardboard containers. 





Detects delicate or polished 
surfaces without marring 
finish. 





Detects or counts large, 
irregular shaped objects. 


The sensor is provided 
with 6 feet of wire 

for connecting to 

the amplifier. 

This length can be cut 
or extended with ordinary 
electrical wire. 

No shielding is required 
up to a length of 

at least 150 feet. 


Honeywell 
[H] Fist in Miow Quitthes- 








néer 
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CannC } ABRASIVE BAND 
POLISHING 






Abrasive Band Polishing provides high speed 
production, with efficiency and economy over 
conventional wheel polishing. 









Idler Backstand Models are available for floor, 
bench, wall or ceiling mounting. 











Floor Type Idier Backstand 


Coupled to a Canning Polishing Motor, with guard 
removed to show the abrasive band. Note the special 
band tensioning and tracking device. 








Vertical 


Type 
idier Backstand 


Operates at any angu- 
lar setting from the 
horizontal to the ver- 
tical. Features economy 
of floor space and im- 
proved belt tensioning 
and tracking devices. 







Bench Type 
idier Backstand 








Occupies a small area. 
Suitable for an_ infinite 
variety of small articles. 














Abrasive Bands **Bandax”’ Compressed **Stapol”’ “*Airflow”’ 
Resin-bonded Lubricating Canvas Contact Woven Fibre Calico Contact 
Glue-bonded. Grease. heels. Contact Wheels. Wheels. 


For further information please ask for leaflet No. 1268 


BIRMINGHAM © 2omeod . 20S ieee 
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Mullard use 
10 miles of 
Rubery Owen shelving... 


The Beddington stores of Mullard Ltd. 





Swe 


..54.296 feet, to be exact. 


The shelving was installed by Rubery Owen at the Beddington stores of 

Mullard Ltd., to make the most economic use of the storage area of 177,184 cu. ft. 
which accommodates a variety of electronic valves and tubes. 

The shelving area is made up of six separate two-tier installations, each with a 

lift for hand trucks and a 10ft. wide gangway spanned by two bridges. 

This intricate arrangement shows just what can be done with Rubery Owen Shelving, 
which expands vertically as well as horizontally and can be adapted 

to the size, shape and height required. 

R.O. manufacture all the ancilliary equipment for complete Shelving installations 
including handrailing, open and closed type flooring, partitioning, 

stairways — in fact everything that goes to make a first-class storage installation. 


For the answer to all Storage problems consult .. . 
RUBERY OWEN & CO. LTD., INDUSTRIAL STORAGE EQUIPMENT DIVISION, 


WHITEGATE FACTORY, WREXHAM, NORTH WALES. Tel.: WREXHAM 3566/8 
MEMBER OF THE OWEN ORGANISATION. 
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TIME’S ON 
YOUR SIDE 
WITH INDUSTRIAL 
DIAMONDS 


Industrial Diamonds in one form or another help to make practically every- 
thing from watch cases to washing machines. 

Only diamond tools can cut, grind or polish with the speed and accuracy 
needed today. 


To find out if diamond abrasives, diamond tools or diamond impregnated 
wheels can help you in your problem, please get in touch with the Industrial 
Diamond Information Bureau. This Bureau is backed by the world’s largest 
laboratory devoted to diamond technology—The Diamond Research Labo- 
ratory in Johannesburg. For information and advice, without obligation, 
please write to the address below. 





7 The Industrial Diamond Information Bureau 


2 CHARTERHOUSE STREET, (DEPT 8 ) LONDON, E.C.1. 
Telephone: Fleet Street 7157 


1.0.2, 
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CUT 
handling — 
time 


VACU-BLAST LIMITED - WELLCROFT ROAD - SLOUGH - BUCKS 
Telephone: SLOUGH 24507/9 
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Ex TRUDE YD 
S TEE XL 
S ECT ON S 





Extruded steel sections are prodyced in most qualities 
of steel, including carbon and alloy steels, stainless steels 
and special alloys. j 

Hundreds of different shapes have already been extruded, 
ranging from simple angles ta most complex shapes. Physi- 
cal properties are identical withjsfmilar rolled sections and 
extrusions can be supplied in random lengths of 8 to 30 
feet, with dimensional tolerances to suit requirements. 

Send for further details of Osborn extruded steel 
sections —and take the first step to lower costs by 
reduction of machining and elimination of scrap. 


Greelm gkhEr a QtCCIVOG DEP'S. CAGIMEEZE OLE Ea 
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lnfinstely VARIABLE SPEED 


HYDRAULIC GEARS 


HIGHER SPEEDS - HIGHER WORKING PRESSURES 


There is no comparable alternative to the hydraulic transmission of power 
whenever the precise control of speed or direction of motion of machinery is 
required. ‘VSG’ variable speed hydraulic units in particular, have for many 
years provided Industry with the means of controlling and transmitting power 
to a wide variety of equipment. Now with the introduction of the ‘VSG’ MK 4— 
giving even higher rotational speeds and higher power ratings—the advantages 
of this type of equipment are even more evident. 


VICKERS-ARMSTRONGS (ENGINEERS) LTD 
HYDRAULICS DIVISION WEYMOUTH WORKS WEYMOUTH DORSET Tel. Weymouth 6 
Further Information Supplied on request to 


Registered Offices and Sales Department: VICKERS HOUSE BROADWAY LONDON SW1 TEL. ABBEY 7777 
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Uf you want to know something about 
BORING € TURNING MILLE... : 





















SEE 
COMPETITORS / 
se _ 


If your business requires the boring and turning of medium to large castings and forgings 
or similar components, and you do not use Webster and Bennett Boring Mills, it’s highly 
probable your competitors do. 


In that case, they'll be getting the benefit of lower overheads, because on the bases of 
capital costs and running costs there are no other machines quite as economical. 


Powered for carbide tooling and high metal removal rates; centralised hydraulic controls 
for operating convenience; easy reservicing when necessary assisted 
by unit construction; self-compensating clutches obviating frequent 
adjustment for wear, are some of the outstanding features of these 
machines. 









Add to this the fact that they are probably the most reasonably 
priced machines of their kind, and the reasons for their increasing 
demand become clear. 





The illustration shows one of the battery 
of Webster and Bennett Boring Mills 
installed in the London Works of 
Dewrance & Co. Ltd., facing, turning, 
boring and screwing 5” valve bodies in 
a floor to floor time of 66 minutes. 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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STRAIGHT LINE MOTION— 
OOUBLE TRAVEL 


———_ |) 
2 






TROLLEY OR CONSTANT TENSION 





TOGGLE 





4 


HIGH TORQUE RATCHET ORIVE 





























TURN OR OSCILLATE 





Opening and closing valves. 
Opening and closing doors. 
Automation and machine 
tool uses including: 
indexing, feeding, 
transferring, clamping, 
locating, turning over. 
Freight car tippling. 


NHAT THEY ARE 





Crane boom -operation. 
Pipe and tube bending. 
Fatigue test applications. 
Foundry equipment. 
Materials handling and 
control of movement on 
conveyors. 





1. Choice of mountings 
for fixing at any angle 
in any position. 


2. Effective sealing 
means no oil leak 
therefore positive 
control of shaft 
rotation. 


3. Working mechanism 











a fully sealed from dirt. 
Y Keelavite/Rotac rotary actuators are 
W. manufactured in the United Kingdom 
. under licence from the Corporation 
i 

a rortncewis wis imonmie KEELAVITE HYDRAULICS LTD 


ALLESLEY, COVENTRY. TEL: MERIDEN 441 


ow 
Oo 
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EDGAR A 


P The largest makers of 


UT ee 


in the world 


X 


STAG MAJOR SUPERWELD general purpose roughing tools in 16 sizes and 53 shapes ex stock. 
STAG MAJOR SUPERWELD precision-ground 
form tools, having ends of Stag Major high-speed 
steel fuse butt-welded to high grade steel shanks. 
ALSO 


ALLENITE TUNGSTEN CARBIDE tools 
and tips. 

PLOWRAKE and PLOWCAST tungsten carbide 
tools for planing steel and cast iron respectively. 


EDGAR ALLEN & CO. LIMITED 
IMPERIAL STEEL WORKS - SHEFFIELD 9 


ETD 70/PE 
To EDGAR ALLEN & CO. LIMITED - SHEFFIELD 9 


Please send data on Butt-Welded Cutting Tools to:— 
NAME 
POSITION 
FIRM 
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AUTOMATIC PRECISION DRILLING 


(LARGE SCALE OR SMALL) 
WITH THE AIRMEC AUTOSET 


POSITIONS THE WORK 


AUTOSET automatic co-ordinate setting 
equipment provides accurate automatic con- 
trol of the lead screws of a co-ordinate table. 
It enables the table to be positioned auto- 
matically by means of a punched tape 
containing co-ordinate information for up to 
400 operations or manually by means of a 
series of knobs and dials. 


SELECTS THE RIGHT TOOL 

Facilities are provided for selecting one of up 
to ten tools and for controlling a large 
number of other variables such as tool rates, 
feed depths and spindle speeds. 

CUTS OUT ERRORS 


Autoset is highly accurate—automatic com- 
pensation is provided for table backlash and 
cumulative lead screw errors. 

CUTS THE COST 


A complete equipment for automatic control 
in two dimensions costs only £1,500. Manual 
control considerably less. 


ROBUST AND RELIABLE 
No electronic valves used. 


EASY MAINTENANCE 


Autoset has been designed for trouble-free 
service and easy maintenance. 
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High on the list of household necessities 


stands the refrigerator. In the public mind, 
‘*PRESTCOLD ” has come to be a 
synonym for refrigerator. MAXAM 
cylinders, valves, and associated pneumatic 
equipment have enabled the Pressed Steel 
Company Ltd. to increase output and 
maintain it at a high level, in response to 
public demand. 

Wherever high productivity and the smooth 
operation of assembly lines depend on 
power applied with the utmost reliability, 
production engineers install MAXAM fluid 
power equipment. MAXAM cylinders 

and valves (like Prestcold refrigerators) are 
renowned for long life, high efficiency 

and dependability. 





mMAXAM FLUID POWER EQUIPMENT 


RADE MARK 


Maxam Power Limited, Camborne, England: Camborne 2275 
and 44 Brook Street, London W.1. HY De Park 9444. 

Also in Birmingham - Bristol - Cardiff - Glasgow - Peterborough 
Sheffield. Australia - Canada - East Africa - France + India 
South Africa - Spain - U.S.A. + West Africa. 

With Agents and Representatives throughout the world. 


MAXAM FLUID POWER 


THe 
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How to fill vacancies 


in your D.O. and Stores 


With Azoflex papers and a Model 150 
automatic Azoflex photoprinting machine, 
engineering and commercial firms are able to 
free as many as three out of four operatives 

and put them on to more productive 

work. Many of these firms are distributing up 
to 10,000 copies of assorted parts lists, loose-leaf 
catalogue pages, memoranda, and other 
documents up to foolscap size. 


Using Azoflex papers on tinted bases, it is 
possible to “key” the origin or distribution of 
all documents within an organisation, with an 
immense effect on efficiency through immediate 
recognition of what is important as compared 
with “‘just another piece of paper”’. 


AZOFLEX photoprinting machines 

range in size from desk models up to large 
machines capable of reproducing double-elephant 
copies of drawings and plans. The AZOFLEX 
process is glareless, fumeless, and dry. No 
darkroom or ducting is necessary. Copies are 
usable as they emerge from the machine. 


Your Company might benefit... 


Many business and industrial concerns find that it 
pays to hire certain AZOFLEX machines—rather than 
Zz © CX buy them outright. Enquiries will be treated with the 


utmost discretion, and will not commit you in 
any way. 








Photoprinting Papers & Machines 


ILFORD LIMITED INDUSTRIAL SALES DEPT. AZ23M ILFORD ESSEX 














' A NEW RANGE OF NEWMAN MUTURS 






THE 


Protected 
against damage by 








in ‘OPEN’ motor for 


a totally enclosed application... .¥a\1 















THE ‘OPEN’ MOTOR 











for use in applications where WATER, OIL, 
CHEMICALS or AIRBORNE ABRASIVES are present. 


BETTER THAN TOTALLY ENCLOSED. Tests have proved that for many applications the 
*NewmanSEAL’ open motor is more satisfactory because an enclosed motor ‘breathes’ and 
so can suck in damaging fumes to make contact with the windings. Also the free circulation 
of air within the ‘NewmanSEAL’ motor prevents condensation troubles which * 
are not uncommon in totally enclosed motors. 

SPECIFICATION: Open (ventilated) 3-phase, ‘squirrel-cage, 50 cycles, 650 volts maximum. 
Temperature rise 65 C, Class ‘E’ insulated. To BS2613:1957 NEMA Standard Dimensions. 
Range: 4 to 125 hp. 





























Sealed at 
every vulnerable 


Free . ih ’*Y 1 | point 
circulation of y ; 

air within 

the motor 

maintained 













N J D 
STATOR WINDINGS 


The resin, which 
has excellent di- 
electric qualities is 
applied in liquid 
form and penetrates 
deep into the wind- 
ings, as this sectioned 
view illustrates. Also 
the stator bore is 
sprayed with resin 
to help protect the 
laminations against 
corrosion. 























RESIN PROTECTED 

ROTOR 

The rotor is sprayed 
with resin to help {| 


protect the ‘open 





surfaces against cor- 


rosion, 





SEALED TERMINAL 7 
BOX ee 


SJ 

Wide flanges and the |. dT. 
use of gaskets between UF: 
all joints ensures positive | 
sealing. Also the opening 
between the terminal — 
box and the inside of 4 I 
the motor is specially {Li , 1 
sealed. an a! 
LOOSE LEADS - The mo- 
tors have loose leads | 
instead of a terminal _ 
block so that joints of {| i rT 
the incoming cables can ° 4h H r SY 
be taped to make Oper HT ese 

: coh mes 


damp - proof joints. 




























This illustration of the stator winding shows 
how the encapsulation completely covers and 
protects the coils. The formulation of the resin 
used gives a hard positive protection against 
mechanical damage and yet is resilient enough 
to withstand repeated expansion and contraction 
of the windings over their normal operating 


temperature range, 


- The ‘NewmanSEAL’ motor is not intended to 
replace our totally enclosed motors for applica 
tions where excessive dirt or solid masses are 
likely to clog the air gap - for such conditions we 
can supply an enclosed motor with the added 
protection of the ‘NewmanSEAL’ motor. 


the most progressive name today 
in electric motor design and manufacture 


ELECTRIC MOTORS { to 600 H.P. 
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Line boring camshaft 
and crankshaft bores: 
and facing, counter- 
boring and milling of 
seating on end of 


crankcase. bo 


..-machining 





crankcases 





Fine Boi 
: ss j 
Finishing liner bores THE 
including grooving 
operation 


ng shows 
vers and 
the resin 


n against 
it enough 
neon é, . a These Landis Lund Fine Borers are installed at 
uy ; the Crewe works of Rolls Royce —meeting the exacting 
standards of this Company on the production of 
crankcases. 

The finest car in the world relies on machining the 


Precimax way. 


ended to 
- applica Boring and milling on 
asses are drive take off holes 


ont and faces. 
litions we : TYPE FBI/3 


he added 
i FINE BORING MACHINE 


LANDIS LUND LIMITED 


CRC EY —YORKSHIRE 


MRP2906 
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* IMPROVED PITCH SELECTION 

%* INCREASED PITCH ACCURACY 

% REDUCED HANDLING TIMES 
ON 


PRECISION LATHES 
WHEN 


MULTI-START & 
COARSE PITCH 
THREADING 


Each size of lathe in the D.S.G. range incorporates 
a totally enclosed screwcutting Gearbox, providing 
the means for rapidly selecting thread pitches. 


The Headstock is fitted with a feed increasing 
device for coarse pitch threading. 


The lathe spindle is fitted with an indexing dial 
which indicates the precision indexing obtained 
from a ground divider in the Headstock. This dial 
is standard equipment on TYPES 13-1 and 17 
Toolroom lathes. 


WHEN MULTI-START AND COARSE PITCH 
THREADING, THE COMBINATION OF THESE 
FEATURES ENSURES THAT ALL THE ABOVE 
ADVANTAGES ARE OBTAINED. 





DEAN, SMITH & GRACE LTD. KEIGHLEY, ENGLAND 


Telex No, 51-123 - Telegrams: LATHES Keighley Manufacturers of 
Tel. No. 5261 (7 lines) 13-30" Swing Engine Lathes 


SlUlar-Coniale m= laren sto) aialem Me) dalct— 
Toolroom Lathes 








ine. r 
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GRINDING 
DIESEL ENGINE GEARS 
AND PINIONS FOR 





SELF-CHANGING 
GEARS LTD. 





Gears and pinions for the 
final drive and reversing unit 
of many British Railways 
diesels are manufactured 
and tooth ground complete 
at our Shirley works for 
SELF-CHANGING GEARS 
LTD. 


The photograph taken 
during patrol inspection 
shows the gear on an 
Orcutt Automatic Spur 
Tooth Gear Grinding 
machine. 


Send us your enquiries. 





Comprehensive Gear Grinding Service. 





Gears Manufactured and Ground Complete. 
Makers of the Orcutt Range of Gear and Spline 


Grinding Machines. 





The Gear Grinding Co. Ltd. 


CRANMORE BOULEVARD: SHIRLEY - SOLIHULL*> WARWICKSHIRE 
Telephone: SHIrley 2231 (6 lines) Telegrams: Orcutt, Birmingham. 
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WOULD YOU BUY — 
HALF AN AUTOMATIC? | 


Fai course you wouldnt... .yet — 
you might easily be sepibd into 
buying a machine which would 
give you only half the efficiency 
or productive capacity of a 


Brown ESharpe Automatic — 


YOU CANT AFFORD — 
TO TAKE A CHANCE / © 


When ils a matter of productivity — 
you must consider well all the 
many lageous features of 


Brown & Shar, 


HIGH SPEED 
AUTOMATIC 
SCREW MACHINES 


wt the SP AVAILABLE IN THREE 

DIFFERENT CAPACITIES 

BUCK&HICKMAN LTD. 2°" 
e 2-14-13 inches. 


MACHINE TOOLS  OTTERSPOOL WAY - WATFORD BY-PASS - WATFORD - HERTS Modern Design gives wide versatility . . . 
Quick Changeover . . . Long Machine 
HEAD OFFICE PO BOX 74 WHITECHAPEL ROAD - LONDON E.! Life . . . Low Operating Cost . . . and 


BRANCHES ALPERTON - BIRMINGHAM - BRISTOL - GLASGOW - LEEDS Dependable Precision, with Continuous 
MANCHESTER High Production on Broadest Range of 
Materials and Work Diameters. 
These Automatics are made by Brown & Sharpe Ltd., of Plymouth, Devon, for whom Time-Saving Features Assure High Pro- 
e are Sole Agents in the United Kingdom, as well as for the parent Company Brown duction Efficiency. 
& Sharpe Manufacturing Company, Providence, R.I., U.S.A, 





























Value for money 
Check these points 


With so many important features designed 
to get the utmost out of your cutting tools, 
these heavy duty, precision built milling 
machines offer more value for money than 


Wee Be es Oe 2 oe 


any other miller of comparable weight and 
performance. Check the vital points of the 
3HG and 4HG and see for yourself. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22. Ash Street, Leicester 


Telephone: Leicester 24154 
Telegrams and Cables: Adcock, Leicester 


. {ees 














5HG 4HG 
s 
Horse Power 15 25 
Weight 4: tons |well over 6 tons 
Table size 60x 14” 7372 1" 
Knee width 19" ya 
Ny espero dem ele tateteay 5 5 








Positive backlash eliminator 

Suitable for tungsten carbide milling 
Suitable for high rake milling 

Duplicated controls and locks front and rear 


Every final drive gear bigger 


than the cutter it drives 

Infinitely variable feeds 4”“—64” per minute 
Hardened table screw 

Automatic slide and screw lubrication 

24 speeds from 23 to 1250 r.p.m. 


Built-in fly wheel 


A22 





@ @ 














If you require 
a top performance 
lightweight flexible belt 
that won’t slip, 
has enormous strength 
and elasticity 
with virtually no stretch 
and with the grip 
only chrome leather can give 
then you need 
a Miraclo nylon-core belt 


FREE. Send for 

this new 12-page colour 
brochure No. 400 

which fully explains in 
word and picture the 
Miraclo Nylon-Core Belt 
—the Belt that 
performs miracles. 








Miraclo 


STEPHENS BELTING CO. LTD. SNOW HILL, BIRMINGHAM 4 
IRA STEPHENS LTD. WHITELANDS, ASHTON-UNDER-LYNE 
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awkward 
or simple 


... If it’s a job for 
precision surface 
hardening with little 
dimensional change, 
then it’s a job for the 
special skills and 
special equipment of 
Flame Hardeners. 
Whether you deal in 
quantities or have an 
individual hardening 
problem, call in Flame 
Hardeners from the 
start. Their experience 
and knowledge can save 
you a lot of trouble 
—not to mention cost ! 


CASTINGS, GEARS, TYRE ROLLS, 
CRANE WHEELS, BALL RACE 
RINGS, WIRE ROPE SHEAVES, 
AXLE PINS, CHAIN PINS AND 
LINKS, SHEAR BLADES, ROLL 
NECK RINGS, MACHINE TOOL 
. BEDS, in fact 
anything and 
everything that 
requires precision 
surface hardening. 
Send for literature. 





Flame 
Hardeners trp 


Everywhere in the British Isles served from: 
SHORTER WORKS, BAILEY LANE, 
SHEFFIELD, 1. Telephone: Sheffield 21627 

















MADE IN 
A COMPREHENSIVE 


RANGE 


The wide range of H.M.E. Power Presses 
is the product of almost 80 years of 
specialised experience and covers the 
needs of manufacturers in every branch 
of Industry requiring Power Presses for 
blanking, piercing, raising and emboss- 
ing operations. Catalogues will gladly 
be sent on request, or should you 
prefer, one of our engineers will be 
pleased to call. 





POWER PRESSES 


HORDERN, MASON & EDWARDS LTD. BIRMINGHAM 24 ENGLAND 
TELEPHONE: ASHfield 1671 TELEGRAMS: AITCHEMEE 
LONDON OFFICE: 4 VERNON PLACE, SOUTHAMPTON ROW, W.C.1. TELEPHONE: HOLborn 1324 
MANCHESTER OFFICE: 2 ST. JOHN STREET, DEANGATE, 3. TELEPHONE: BLAckfriars 5860 
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PEAK KEEPS 


Precision-made components by Peak Engineering have 
contributed to the efficiency of modern transport. 








De Havilland Comet, 
by permission of ‘ Flight’ 


‘ 
, 


Rapide Fork Truck, by permissi 


Land-Rover, ? Ee 
by permission of The Rover Co. Ltd. 4 pe 


— 


pow TW Jurb ochaft 











Your safety and comfort m 





PEAK ENGINEERING CoO. LTD. ! 
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THEM MOVING 


These illustrations represent some of the projects in 
which Peak precision engineering has been incorporated. 









itish Railways Corridor Ist Class Coach 
pe ‘A’, by permission of Metropolitan-Cammell 
jage & Wagon Co. Ltd. 


Sailing Craft fitted with twin Perkins 35h.p. Outboard Motor. 
Inset—six 354 Diesel Engine, by permission of 
Perkins Engines Ltd. 





Precision made parts by us are used in 
a vast variety of engineering applications 
in the air, on the land, on the sea and 
even in your kitchen. Your washing 
machine probably has one. If you are 


lucky enough to own a dishwasher, there 





is probably one in that too. ission of Ford Motor Co. Ltd. 


PRECISION AND PRODUCTION ENGINEERS 
MASONS ROAD, STRATFORD — UPON = AVON, WARWICKSHIRE. 


Telephone : Stratford-upon-Avon 3821. Telex 31627 
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The 
Right Angle 


geht 
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4 
El: 
ERE 


E.N.V. have exceptional facil- 


ities for the manufacture of 


TRA 


spiral bevel and hypoid gears 
in sizes up to 72”, and for the 
serial production of right angle 


drive units for a wide variety of 





industrial applications. 

Engineers who need right angle 
transmissions are invited to 
communicate with the E.N.V. 
Th . Design Department at the pro- 


ject stage. 














for Gears 

















E.N.V. ENGINEERING COMPANY LIMITED - HYTHE ROAD - WILLESDEN + LONDON N.W.1I0 
Telephone: LADbroke 3622 AP88 








AT ITS SIMPLEST 
& MOST EFFICIENT 
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DORMER HELI-MATIC ARBORS 
AND SCREWED BORE CUTTERS 


tools for peak performances with This high-efficiency combination simplifies screw-locked 
the greatest accuracy and the milling and achieves the greatest productivity. 

least trouble. Look how Ease of assembly, precision in performance, and duration 
of working life, are the outstanding features of the 
Heli-Matic equipment. 


66 They’ve done it again ! You can 
rely on Dormer to turn out the 


easy this is... . 






SECOND STAGE 





Screw on the cutter to meet the 
nut—then release by a part 
reverse turn. 


FIRST STAGE 








Screw on the nut by hand 
—as far as it will go. 
















THIRD STAGE 





TO RELEASE 





Screw back the nut firmly against 
the cutter by hand — immediately 
cutting starts the cutter will lock 
solidly against the nut, making a 
rigid tool assembly. 





Apply the spanner to the nut and a 
few sharp hammer blows will release 
the nut from the cutter, which can 
then be screwed off by hand. 99 













You can’t go wrong — send for the Heli-Matic 
brochure giving the full range of Arbors and Cutters. 


D)O/RIM/E}R 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
SHEFFIELD ENGLAND 


DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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Maximum 
acceptable 
error 








Accuracy and quality 
on a production basis 


These timing gears are supplied to James 
Howden Ltd., for their rotary com- 
pressors. In order to maintain the very 
fine rotor clearances necessary, the gears 
must conform to the following limits: 


oO Total cumulative error from all causes, in- 
cluding eccentricity, pitch and profile measured 
over 69 teeth, not to exceed 0.0005 inches. 


9 


Total cumulative error from eccentricity, 
pitch and profile for adjacent teeth, not to 
exceed 0.0002 inches. 





9 


Permissible negative tolerance on involute 
profile 0.0002 inches; permissible positive 
tolerance, NIL. 


GENTRAX PRECISION GEARING 


CENTRAX GEARS LIMITED Newton Abbot, Devon. Phone: Newton Abbot 2251-5 


LONDON SALES OFFICE: 248-250 Tottenham Court Road, London, W.1. Telephone: LANgham 2364-5 
U.S.A. SALES OFFICE: PARK SQUARE BUILDING, 31 ST. JAMES AVENUE, BOSTON, MASS. PHONE: Liberty 2-2425 
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AMPlivar 


the new system of 
enamel and 
similarly coated wire 


Bate 


developed by 


Poh P 


Perfect wire splices in a single operation 











Used on coated wires—single or stranded 

No insulation removal necessary 

Solderless application eliminates heat damage 
Speedy, uniform low cost splices 

Excellent electrical characteristics 


Reliability and freedom from corrosion 





Automatic machines make up to 1200 splices per hour. 







AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 


Head Office: Dept. 33 AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.! 
Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX 


South Africa: Distributor: E. S. Mowat & Sons. (Pry) Led. 51-57 Milne Street, P.O. Box 437, Durban, 
Natal, South Africa 


Associated Companies in U.S.A. Australia, Canada, Holland, France, Germany, Italy, Japan, and Mexico 






TRADE MARK 


% Trade Mark of 
AMP Incorporated U.S.A, 






AP 160 
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50,000 
OIL - SEALED 

edgar ata 

WAR IAA LUISE Throughout the World / 


has since been adopted by all the major 
manufacturers throughout the World! 











10 Licencees manufacturing 
Hydrovane Compressors 


throughout the World! 





For further details of the Hydrovane principle 





send for our ‘* Questions & Answers ’’ Folder 


AIR COMPRESSORS - SPRAY PAINTING EQUIPMENT - SPRAY BOOTHS 


ALFRED BULLOWS & SONS LID 


HEAD OFFICE & WORKS LONG ST WALSALL STAFFS ENGLAND TEL: 27251 





DEPOTS AT—I3 SOUTH MOLTON STREET, LONDON, W.1 TELEPHONE: MAYFAIR 23/3 
55a BRIDGE STREET, MANCHESTER, 3 TELEPHONE: BLACKFRIARS 5670 
70 GILMOUR STREET, GLASGOW, C.5 TELEPHONE: SOUTH 2383 


61/63 DRURY STREET, DUBLIN TELEPHONE: DUBLIN 73188/9 
BULLOWS (AUST.) PTY. LTD., ETHEL AVENUE, BROOKVALE, SYDNEY, AUSTRALIA 
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/ 
FOR EXTERWAL MEASUREMENT OF DIAMETERS 


ONLY SOLEX HAVE THE MEASURE OF THINGS 
/ 


/ 


/ 
Solex AGauges) Limited, 72 Chiswick High Road, W.4. CHlswick 4815 


/ 
/ 
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DAWSON Mechanised 


Solivent Degreasing Piant 


ousures 4 frst class reception yor a fimiskes 


Solvent degreasing is not new, 
but it assumes a new importance 
with the Dawson continuous 
plant: important because this 
plant provides automatically 
controlled operation free from 
the hazards of human error: 
important because it exploits 
to the full the renowned degreas- 
ing efficiency of the solvent 









trichlorethylene and _perchlor- 
ethylene: important because it 
ensures a really low solvent con- 
sumption in relation to the 
quantity of parts being cleaned. 
For full details of this con- 
tinuous equipment and of 
smaller machines for batch 
operation, ask for a copy of 
the booklet “Dawson Auto- 
matic Solvent Degreasing 
Plant.” 





Operation and treatment automatically controlled and 
free from the hazards of human error. 

Completely odourless operation. 

Maximum economy of solvent. 


Automatic adjustment of water consumption for 
condenser coils, 


In-built distillation system. 

Automatic self-cleansing treatment tanks, 

Heating coils removable from outside the machine. 
Fitted with large easily removed clean-out doors. 
Built-on storage tank can be provided. 





METAL DEGREASING Sole Distributors 
and DRUMMOND=- ASQUITH LTD. 


PRE-TREATMENT King Edward House, New St. Birmingham 
PLANT Tel. Midland 343! 








Manufacturers: DAWSON BROS. LTD., GOMERSAL, Near LEEDS. Tel. Cleckheaton 3422 (7 lines) 
London Works: 406 Roding Lane South, Woodford Green, Essex. Telephone: Crescent 7777 (4 lines) 
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et 


FORD DIFFERENTIAL GEAR 


MAGHINED IN 24 SECONDS 
cea WITH AUTOMATIC LOADING 


t 
t -o The photograph shows the automatic loader fitted to a 


: No. 6 Ryder Verticalauto supplied to The Ford Motor 
Company Limited. It is used in the production of differ- 
ential gears, which are finish-bored, turned and faced at 
the rate of one component in 24 seconds. The magazine 




















carries enough components for a forty-minute run. 
Automatic loading can be fitted to all sizes of Ryder 
Verticalautos. 


a ditimge VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, Bolton, England 
Makers also of single spindle Rydermatics and Piston Ring Lathes 








, . arr” . Re a : 
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Over 13 months ago, Messrs. Laycock Engineering Limited—the famous 
manufacturers of automobile components including the Laycock-de Norman- 
ville Overdrive—installed one of the latest “BROOMWADE” Type V500 Air 
Compressors at their Sheffield works. 

Driven by a direct coupled electric motor, thus occupying the minimum of 
floor space, this compressor of advanced design has operated with complete 
satisfaction 24 hours per day, for 5 days a week, including many weekends. 

The V type 90° arrangement of the Cylinders provides excellent running 
balance and this, coupled with the absence of vibration, enables the complete 
unit to be bolted to the factory floor without special foundations. 

Here, indeed, are valuable economies—COMPACTNESS, LOW IN- 
STALLATION and MAINTENANCE COSTS plus RELIABILITY. They pay 
off handsomely at Laycocks—they could do the same for you. 

Write today for full details. 
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‘“‘Broomwade’’ works 24 hours a day for Laycock 





The “BROOMWADE” Type V500 
Two-Stage, Double-Acting Com- 
pressor installed at the Victoria 
Works of Messrs. Laycock Engineer- 
ing Ltd. Delivering 525 c.f.m. of free 
air at 100 p.s.i., this compact unit pro- 
vides a round-the-clock supply of 
compressed air for air chucking, air 
fixtures, clamping, indexing, operat- 
ing hand-held pneumatic tools, and 
air hoists. The compressed air supply 
is also used for mixing and agitating 
the neutralizing and pickling baths; 
for shot blasting; for metal and paint 
spraying; for air-cooling oil quench- 
ing baths; for clearing fumes; and for 
operating roof ventilators. 

Photograph by courtesy of Messrs. 
Laycock Engineering Limited. 




















Air Compressors and Pneumatic Tools—Your Best Investment 


BROOM & WADE LTD., P.O. BOX NO. 7, HIGH WYCOMBE, BUCKS. 


Telephone: High Wycombe 1630 (10 lines) 


Telex: 83—127 
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NGS & LEWIS 


Horizontal BORING, DRILLING & ( MILLING ) Machines 


FRASER 


4” DIA. SPINDLE 

(20 H.P. MOTOR) 

OR 5” DIA. SPINDLE 
(25 H.P. MOTOR) 


LONG LASTING 
JIG BORING 
ACCURACY 


AMPLE POWER 
FOR HEAVY DUTY 
MILLING 


WIDE CHOICE OF 
TABLE, BED AND 
COLUMN SIZES 


WIDE RANGE OF 
SPEEDS AND FEEDS 


UNEQUALLED 
MACHINING 
VERSATILITY 


DIRECT READINGS 
TO 0-001” OF 
HEADSTOCK AND 
TABLE SETTINGS 





Close tolerances required in Milling, 
Boring, Drilling and Tapping 

‘U.S.’ MULTI-SLIDE Beds are 
maintained on Model 350-T machine 
at ALLTOOLS LTD., Brentford. 





4 A ———— 


(GIDDINGS sLEWIS 


BRIEF SPECIFICATIONS EQUIPMENT AVAILABLE includes 
EXTENDED SADDLE AND SADDLE SUPPORTS with 
Model 340-T 350-T in- or over-the-floor type auxiliary runways. 
IMPROVED MEASURING DEVICE giving readings 
Diameter of spindle 4’ ¥ to 0-0001”. 
AUTOMATIC ELECTRIC POSITIONING—positive set- 
Spindle motor 20 h.p. 25 h.p. tings within 0-0002”. 


HEAVY DUTY ANGULAR MILLING ATTACHMENTS. 

Spindle speeds (45) ——_| 10-1300 r.p.m.| 7:5-975 r.p.m. conTINUOUS FEED FACING AND BORING HEADS. 

shee. webte coens wovel 132” 132” Many types of AUXILIARY and BUILT-IN ROTARY 
TABLES. 








DAVIS SUPER MICROMETER STUB BORING TOOL 
SETS. 


3X6) C K W E LL For further particulars write or telephone TODAY 


MACHINE 





ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW-—TEL: MERRYLEE 2822 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


TOOL €6. Eee. 
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WITH FULLY AUTOMATIC 
DRILL 4¢ PITCH 
CONTROLLED TAPPING 





Quickly and easily set for drilling, reaming, 
spotfacing and tapping holes up to 24” dia., 
on 9” -40” P.C.D. in flanges, rings, discs, etc. 
Provision for fully automatic control of spindle : 
rapid approach, drill feed, withdrawal, tapping 
feed, spindle reversal, table indexing or 
combinations of these with manual 
operation for any selected movements. 

12 speed spindle in mechanically 

actuated quill with 

12” traverse 

and infinitely 

variable feeds 

between 4” and 

12”/min.; rapid 

approach at 230”/min. 

and withdrawal at 330”/ 

min.; 36” dia. indexing 

table driven through worm 

gear by independent } H.P. motor. 


For full details, send for illustrated leaflet 1 
JAMES ARCHDALE & CO LTD 


BLACKPOLE WORKS - WORCESTER 
Tel: Worcester 27081 (7 lines) 


suantir ae cree? 


Sole Selling Agents: 
ALFRED HERBERT LIMITED «- COVENTRY 
Tel: Coventry 89221 


rive 


t 


iy 


HIGH-SPEED 


VERTICAL DRILLS 


WITH AUTO-INDEXING 
ROTARY TABLE 


ONY AE 




















se ila Ge 
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We have mild steel and stainless tube in many sizes and large quantities. 
We stock systematically and can send you a standard stocklist which shows 
sizes immediately available. 

Tube can be supplied in cut lengths or randoms. 

Thick-walled tube is a speciality. 


oe 


Markland Scowcroft scessc 


LTD 
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» « « reach, grasp, carry, lift, turn, clamp and tilt. 

Hymatic Automation is thus invaluable in the automatic 

and selective transfer of parts from one process to the next, 

from conveyor to conveyor; in unloading one machine and 

loading the next; or in quick clamping to hold parts during 

machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 


Hymatic Automation covers the whole problem—the de- | in A e 
| Hymatie Auiomatiow 
166 


—— — THE HYMATIC ENGINEERING CO. LTD. DEPT. HA.84 * REDDITCH +» WORCS 


sign of the circuit—the machine—the means of control. 
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(ey 
ny 





The Production Engineer 


Hymatic 
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.. feed parts 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 
are jobs for which you just cannot find people. 


| In all events CONSULT 


ee ee oe ee er = 








Th 
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Where’s my clean shirt, 


Jennifer? 
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Not on the scrubbing board—that’s certain! 
Jennifer’s a lady of leisure nowadays. She lets 
machines do the work for her. Machines that 
more than likely have many parts made from 
pressure die castings. 

Pressure die castings are inseparable from 
modern living and Wolverhampton Die Castings 
offer manufacturers high quality components 

at remarkably low cost in a variety 

of pleasing finishes. And the massive scale of 
production that can be achieved helps everyone 
to enjoy a higher standard of living. 
Wolverhampton pressure die castings in zinc and 
aluminium point to progress in a big way. 

Your enquiries would be welcomed. 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 


GRAISELEY HILL, WOLVERHAMPTON, STAFFORDSHIRE 


TELEPHONE: WOLVERHAMPTON 23831 
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AUDCO LTD USE... 
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SERRATED BLADE CUTTERS 
AND INSERTED BLADE TAPS 


Our illustrations show 


AUDCO LIMITED of Newport, Shropshire, rely on GALTONA serrated 


the tapping of valve 
bodies, 2” B.S.P.T. both * ° 

aye . blade cutters and GALTONA inserted blade ground thread taps 
ends simultaneously and 

gang milling the square 


ts ok veben Be. for high production, precision and long life. 


Our Tool Engin- 


eee RICHARD LLOYD LIMITED 


tion problems and 


we invite you to = +4 GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
. in touch with = Telephone: Ashfield 1801, Telegrams “Cogs, Birmingham” 


NORTHERN AREA OFFICE: Britannia House, Wellington Street, Leeds 1. Phone : Leeds 21212 
LONDON AREA OFFICE: 240 Romford Road, Forest Gate, London, E.7. Phone : MARyland 
7304-5. NORTHERN IRELAND: Garage & Engineering Supplies Ltd., 78 Great Victoria 
Street, Belfast. SCOTLAND: Stuart & Houston, 5 York Street, Glasgow, C.2. 
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FEEDS (10) 

36 in. max. 4in. min. pane Sane 

TABLE: i AO CYCLES per min. 

48 in. long x 23 in. wide ~~ hE f° {7 . 6 to 60 

— MOTOR I2h.p. 


STROKE: 


ADMITS 
24in. under cross-slide 


Of BUTLER MACHINE TOOL (21? "MNS. 


SLOTTING 


HALIFAX TELEPHONE 61644 ENGLAND MACHINES 





————— 


B331-1B 
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SPECIAL 
TOOLING LAYOUT No. 16 oe aig. =o 
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No. 7 PRELECTOR 
AXLE SHAFT TURRET LATHE 


24° ya aa Code Word : Covetable Floor ” Floor Time : 
Tungsten Carbide Cutting Fitted with 2$” Air Bar 4 mins. 20 secs. 
Tools. Chuck and Hydraulic Copy 
Turning Attachment. 


Tool Position | Spindle | Max. Cutting Speed Feed 

DESCRIPTION OF OPERATION Mex. Turre| Creede S ~ Feet | Metres | Cuts) | mjm. 
Hex. Turret} Cross-slide P.M. - | per min. per inch per rev. 
Feed bar to stop, close chuck & centre drill 
Support end of bar with live centre - | — | — — 
Copy turn 1st. cut 7” deep x 43” long 104 “244 

oe wioees 2 so XE « | 104 “244 

« a tin x i ” 104 244 
Roller end & chamfer - . Hand | Hand 
Screw with sna - ~ x12 t. pl. i. 5-5 
Part off - - 


200 | Hand Hand 


*‘PRELECTOR’ TURRET LATHES Stock Tools, H. WwW. WA R DB) 
Combination Turret i iti 


with capacities up , Toolholders, Chucks , 
Lathes to 35 in. swing over be and Accessories 
with Preselective Sane ane & Cc oO LT D 
d-ch ing. urret Lathes. 
cs ai te Setbisuse: SELLY OAK, BIRMINGHAM 29 


hy 
Saas” Phone : Selly Oak 113! 
accurate work, 
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Factory space is valuable. The diagram compares the space 
taken up by a Stone-Vapor boiler with that of four other 
modern packaged boilers of the same capacity. See the space 
saved by the Stone-Vapor! 





Particularly 
suitable 
_ 








* * KX 


* 


Write for full literature and detailed specifications 


STONE-VAPOR 











Manufactured under licence of the Vapor International Corporation Ltd., Chicago, U.S.A. 
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WASTE 
OPAGE 


STEAM 


RAISING? 


Low in capital cost, smaller in size and 
weighing less than any steam raiser of similar 
capacity and design pressure, the Stone-Vapor 

boiler can be tucked away almost anywhere, 
leaving valuable space free for other uses. 
No boiler house or attendant is required. 
Installation, operation and maintenance are 


simple. The boiler can be in use 


immediately the service lines have been connected. 
Large quantity production now permits deliveries to meet 


urgent requirements. 


They’re good—very good, these Stone-Vapor boilers. 
Operating pressure 50 to 300 p.s.i. (specials up to 

1,000 p.s.i.). Sizes to suit steam loads from 300 to 20,000 Ib. 
steam per hour. 78%—82% efficiency (the same at low and 
high loads). Smoke-free, tested and delivered, 

with Lloyds certificate. Automatic controls of the 


simplest yet most effective form. 


Gas fired or dual fired gas and Oil Units can be 


provided for suitable applications. 


Process steam as easy as switch- 
ing on a light. 


Quick steam at lowest cost. 


Light summer and heavy winter 
loads at same efficiency. 


Extremely accurate pressure and 
temperature control. 


Automatic handling of fluctuating 
loads. 


Saving space and expanding pro- 
duction. 


BOILERS 


J. STONE & CO. (DEPTFORD) LTD., Arkiow Road, London, S.E.14. Tel: Tideway 1202 








The 
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| agree... for speed i long life 
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order 
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14x | af -050’ 
HIGH SPEED STEEL 





Made by James Neill & Co. (Sheffield) Ltd., and obtainable from all tool distributors 





UHS52 
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Shell achievement 


One of Shell’s recent achievements in Industrial 
Lubrication has been to reduce the risk of skin trouble 
for machine operators. Until the new Shell Dromus 
range, most modern soluble cutting oils contained 
phenolic compounds, which can cause skin irritation. 
They were used as coupling agents between the actual 
oil and the emulsifier. On high-speed machines, especi- 


i 


= 


ally, the water evaporates and the emulsion concen- 
trates. And that’s when the trouble can start. Shell 
scientists found a better coupling agent, and 


made it work. And now, at no extra cost, 
management can reduce working risks for 
their staff. Write for the book, ‘Selecting Your 
Cutting Oils’ to Shell-Mez House, London, W.C.2. 


on 


SHELL INDUSTRIAL OILS 
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Shell demonstration 





Two clean, bright pennies are placed in beakers of oil, of 
equal performance level, one Shell Garia Oil 21, the 
other a conventional cutting oil containing sulphurised 
additives. After three hours at room temperature one 
penny is still bright and stain-free, the other heavily 
stained with black copper sulphide. The bright 
penny is from the beaker containing Shell Garia Oil 
21, the blackened one from that containing the 
conventional oil. While these were just pennies they 
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could have been bronze bushes in your machine 
tools—stained in less than half a shift. Sulphur is 
essential in heavy-duty cutting oils. Special additives 
in Shell Cutting Oils protect your machine tools and 
yet allow the sulphur to do its job. Write 
for the book ‘‘Selecting Your Cutting Oils’’ 
to Lubricants Department, Shell-Mex House, 
London, W.C.2. WW, 
DROMUS ...PELLA...MACRON...GARIA 


SHELL CUTTING OILS 
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E-DEI 


Face Milling Cutters 





Secure 
RAPID BLADE RE-SETTING 


RAPID RE-SERVICING 
REDUCED CUTTER DOWN TIME 
REDUCED CUTTER COSTS 














RAPID RE-SET EQUIPMENT 


The use of the Wickman Rapid Re-set Cutter Body 
and three blade styles available provides a simple 
variation of blade geometry. The blades can 

be removed, re-ground, checked and replaced in any 
Cutter Body size within the range — WITHOUT 
REMOVING THE CUTTER BODY FROM 

THE MACHINE, thus reducing down times and 
costs to a minimum. 





WRITE FOR YOUR COPY OF THE 
NEW WICKMAN FOLDER — 
“WICKMAN RAPID RE-SET FACE 
MILLING CUTTERS” — FOR 

THE FULL STORY. 














WICKMAN LIMITED 


WIMET DIVISION, TORRINGTON AVENUE, COVENTRY. Telephone 66621 
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INTERNATIONAL PRODUCTIVITY 


CO-OPERATION IN THE FUTURE 


by W. F. S. WOODFORD, 


Secretary, The Institution of Production Engineers 








* * STUDY of International Productivity in the 

Future, contained within the span of a short 
address, can be expressed only in very general terms. 
A detailed consideration of even a small part of any 
particular aspect of productivity would itself provide 
material for a major Paper. It seems to me that the 
most useful approach is to review briefly some of the 
experiences of the past 15 years, particularly the 
productivity co-operation between the United States 


An address given to the 


Conference organised by of America and Europe and between countries within 
Europe and against this background, coupled with 
the Production Engineering Division my observations of current trends, to make an attempt 


to peer a little way into the future. I shall suggest 
several ways which might offer most fruitful possibili- 
ties of developing international co-operation and, in 
doing so, make some statements which may well be 


of the Ontario Section of 





The American Society regarded as highly unconventional. Indeed, some of 
them may appear even preposterous. That is as it may 
of Mechanical Engineers, be: when peering into the future, one guess is as 


good as another. 


and held in Toronto, 
what is productivity? 
9th-12th May, 1961 Productivity ” is a most difficult word to define 
and, because it has so recently come into common 
usage, the dictionaries are not much help. Ask a 
colleague what he understands by the word “ Produc- 
tivity”. His answer will probably be something like 


this: “Well, er... ah... it means...um... 
well, I sort of sense the meaning but I can’t precisely 
* * describe it! ” 
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The most practical definition which I can use is 
to say that it means the ratio of output to input. In 
absolute terms, of course, the ratio of output to input 
in any set of circumstances can only be 1: 1. What 
goes in must come out. In economic terms, however, 
this absolute ratio of 1:1 is unobtainable. We can 
only achieve a ratio of (1—W):1, where “W” 
represents the factor of “ Waste”’; that is, that part 
of the input not usefully embodied in the end product. 


I take it for granted that the object of this Con- 
ference is to study means of improving productivity. 
Here, again, is a confusing term. Many people assume 
that improving productivity means improving pro- 
duction, but this is not necessarily the case. If one 
takes “ improving production ” to mean increasing the 
volume of production, then this can be done in a 
variety of ways without necessarily improving the 
productivity of the producing system. To improve 
productivity, we must necessarily attack the factor 
““W ”; we must forever be striving to eliminate waste 
in our production processes. Waste takes many forms. 
For example: lost heat; swarf; effluent; idle time; 
unwieldy overheads; inefficient design of product or 
machine; bad human relations leading to disputes 
and strikes; ineffective quality control; out-dated 
methods; inadequate plant maintenance; and so on. 


The object of all production engineering, therefore, 
may be said to be “ to produce more and better goods 
(or services) at lower cost ”’. 


co-operation between communities 
of nations 


Attempts at international co-operation have always 
been beset with numerous artificial difficulties. Whilst 
one group of people in a nation are working hard to 
co-operate with another group in another nation, 
others of their fellow-countrymen will be busy setting 
up all kinds of obstacles and barriers in the name of 
“national sovereignty” or “national prestige” or 
“national defence”. International tenders may be 
invited for a major contract but, at the moment of 
awarding the contract, some Government agency is 
likely to decree that the work must go to a home 
contractor in the interests of national this or that. 


In the context of this address, I would like to take 
a much broader interpretation of the words “ Inter- 
national Co-operation”. The past two decades have 
seen a violent upsurge of nationalism throughout the 
world. The fashionable term is to talk of the “emer- 
gent nations”. The time has come to call a halt to this 
petty parochialism. We must stop regarding ourselves 
as separate nations all busy pursuing our own selfish 
interests without regard to our neighbours. If we are 
to make any real progress, we must begin to regard 
ourselves as communities : as groups of nations work- 
ing together in harmony with other groups of nations. 
Although there are signs of some progress in this 
direction (for example, in Europe there is “ the Inner 
Six” and “ the Outer Seven”): nevertheless, there is 
still a prevailing atmosphere of unreality. A traveller 
round the world today must carry with him a 
suitcase full of papers: passport, entry visas, transit 
visas, exit visas, health papers, currency declarations, 
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declarations of the purpose of travel, and so on; all 
in essence utterly useless and utterly frustrating. 

The late Ernest Bevin, when he was first made 
Foreign Secretary of Great Britain, declared that his 
ambition was to be able to go to a London railway 
station and, simply by buying a ticket, to be able to 
go anywhere in the world he liked. Fifteen years later 
we are further away than ever from this highly desir- 
able objective. We must somehow or another find 
means of removing the element of distrust from our 
international relations; we must generate a compelling 
desire to communicate with and to help others with- 
out fear of the consequences and without conditions. 
The United States of America has set the world a 
fine example of working in this way. One of the most 
magnificent efforts was the great Marshall Plan which 
emanated from the United States of America. 


human relations—the key 


These are problems of human relations which you 
may think somewhat remote from the subject of 
improving productivity, but I will attempt to show 
in the brief span of this Paper, that they are far from 
being remote—they are the very essence of our 
problem. 

Mr. Ronald Pryor, the President of The Institu- 
tion of Production Engineers, at the Institution’s 
Annual Dinner a few months ago, commented that 
technologically we are advancing at the speed of a 
jet aircraft but, in terms of human relations, we pro- 
gress at the speed of an ox cart! 

Co-operation can only take place between people; 
between living human beings. Furthermore, it must be 
“willed” —it does not just happen. It is brought 
about only by planned positive action and the desire 
of all parties concerned. 

I suggest that international productivity co- 
operation in the future means communities of people 
working together to ensure the most efficient utilisa- 
tion of resources for the ultimate benefit of all 
mankind. 


progress since 1945 


During the past 15 years, an immense effort in 
productivity co-operation has been made in Europe 
and between European countries and the United 
States of America. I must say right away that the 
large scale productivity co-operation in Europe during 
this period would have been quite impossible without 
the generous aid of the United States of America, 
not only through financial support but also with 
manpower. The United States Government spent 
about £300,000,000 on the productivity technical 
assistance programmes for Europe and this very 
generous sum actually represented less than 2°/, of 
the whole total of Marshall Aid. 

Over 20,000 Europeans have visited the United 
States in technical assistance teams. During its life- 
time for five years, from 1948-1953, the Anglo- 
American Council on Productivity sent 66 teams 
from the United Kingdom to the United States of 
America, consisting of 956 participants and four teams 
of United States industrialists came to the United 
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Kingdom. Nearly 750,000 of the reports of these 
teams have been distributed and they have been 
translated into practically every European language 
and some Asiatic ones. Other countries have sent 
even more teams. For example, the Netherlands have 
had over 100 teams on industrial projects and only 
slightly fewer on agricultural ones. France has sent 
over 5,000 people as members of some 500 missions. 
However, the exchange of team visits was only part 
of the programme. In almost every European country 
productivity centres of one kind or another have been 
set up with United States financial assistance; 
loan funds for small firms were established and grants 
made to various industrial organisations for research, 
management training, advisory services and so on. 

In 1953, the Anglo-American Council on Produc- 
tivity was dissolved and in its place was set up The 
British Productivity Council. A measure of the value 
of The British Productivity Council as a Productivity 
Centre in the United Kingdom may be assessed in 
that Her Majesty's Government decided to go on 
giving it financial support after the cessation of 
American aid. At the same time, a European 
Productivity Agency was formed. This Agency was 
financed in various proportions by the member 
countries of the Organisation for European Economic 
Co-operation; other grants were received from the 
United States of America. 

The principal object of the European Productivity 
Agency was to make arrangements on a large scale 
for the interchange of industrial experience between 
European countries. In the earlier years of the 
Agency’s life, United States consultants were made 
available to member countries of the European Pro- 
ductivity Agency. It is gratifying to notice that, in the 
last two or three years, an increasing number of 
European consultants is being used by the Agency. 

In Britain, the Anglo-American Council on Pro- 
ductivity team visits and their reports were very 
effective in bringing home to British industries the 
need for higher productivity and where these reports 
were followed up vigorously by the industries con- 
cerned, they helped materially in promoting the 
introduction of new methods and techniques at a 
more rapid rate than otherwise might have been the 
case. They helped, too, in creating a better “ industrial 
climate ” 

Productivity Centres have been set up in a number 
of European countries; it may well be said, however, 
that such Centres can only work effectively if they 
have the confidence of industry and all who are 
engaged in industry, and if they show a desire to 
collaborate in every possible way with the established 
professional and educational organisations. There is 
some evidence that not all the European countries 
have been equally successful in promoting their 
Productivity Centres; nevertheless, it is quite certain 
that, without American assistance, very few govern- 
ments in Europe could or would have afforded the 
cost. 

What have we learned from all this activity? The 
most valuable lesson, I am sure, has been that people 
have learned to co-operate with one another on a 
scale which before would have been unthinkable. 








People speaking different languages, having different 
cultural backgrounds, different histories and different 
temperaments, have learned to get on with one 
another. Labour Unions and Employers’ Organisa- 
tions have learned that they can live together in 
a friendly atmosphere. Additionally, a great deal of 
experience in the techniques of international co- 
operation has been’ gained. We_ know _ that 
co-operation can take place and we know how to 
co-operate. 


what of the future? 


How far away is the future? Tomorrow? Next 
week? 1984? Any old time? I propose to set my limit 
at the year 2000 a.p. and to regard the future as being 
the next 40 years. 

Let us relate our past experience to the 40-year 
span between now and the year 2000. As the back- 
ground to these thoughts, I would like to offer two 
pieces of statistical evidence. For the first, I am 
indebted to Dr. B. V. Bowden, the Principal of the 
Manchester College of Science and Technology, 
England; Dr. Bowden has said that, of all the 
scientists, engineers and technologists that there have 
ever been in the history of the human race, 75°/, are 
alive and working today. The second piece of statisti- 
cal evidence is the trend of world population growth. 
World population today is said to be somewhere 
between 2,000,000,000 and 2,500,000,000. Acknow- 
ledged experts in this field forecast that by the year 
2000 a.p., the population of the world may be as 
high as 5, 000,000,000 people. Of the 2,000, 000,000+ 
people alive today, about one-half are peasants. They 
are poor people scratching a living from the soil and 
making virtually no demands upon the products of 
civilisation, i.e., the manufactured goods for which 
production engineers are responsible. Thus, the total 
production resources of the whole world are catering 
for the everyday needs of a little more than 
1,000,000,000 people. But, by the year 2000 a.p., we 
are told that there will be 5,000,000,000 people. 
Furthermore, none of them, we hope, will be peasants, 
for we are not allowing civilisation to grow in its 
own sweet way : the most advanced and most power- 
ful nations have set themselves a deliberate policy of 
forcing civilisation on the backward countries. It is 
a kind of race between East and West as to who can 
get in first. 


expansion of production resources 


Putting aside for the moment the political con- 
siderations which provide the motive force for this 
race, no one would deny that it is a highly laudable 
aim to bring progress to backward people. We are 
being helped to achieve this desirable ambition by 
the phenomenal rate of scientific and technological 
invention and innovation. Three-quarters of the 
world’s all-time supply of scientists and technologists 
are busy working today to help bring this about. 

What does this mean in terms of production 
engineering? If nothing else, it means that our pro- 
duction resources must be increased during the next 
40 years by a factor of 5, We are accustomed to 


367 














living in an expanding economy : we think an annual 
expansion of 24°, is satisfactory, 5°/, good, 10°/ 
exceptional but, during the next 40 years, we must 
achieve a total world economic expansion of at least 
500%. There is plenty of evidence that the human 
mind is more than capable of encompassing such an 
expansion — the astonishing developments in space 
flight alone in the past decade are simply breath- 
taking. Our rate of scientific and _ technological 
advance is such that, by the year 2000, what we now 
consider to be miraculous will then seem as common- 
place as boiling a kettle of water is today. 


automatic production 


How can production engineers apply all this new 
knowledge to developing our production resources to 
cater for the daily demands of 5,000,000,000 people 
in 40 years’ time? We must obviously move at a high 
speed into an age of truly automatic production. We 
must invent and apply automatic systems which at 
the moment seem wholly impossible. A number of new 
words have crept into our vocabulary of recent years 
— cybernetics, semantics, ergonomics, and so on. To 
many practical production engineers, these terms 
seem no more than the mystic jargon of long-haired 
eccentrics. (Oddly enough, some of my friends, who 
actually understand these terms, who are working 
in the fields of study in which they are understood 
and who know what they are doing, do really have 
long hair and are, indeed, eccentric!) But I suggest 
to you that, before very long, these terms, or the 
sciences which they represent, will become the every- 
day tools of production engineers. Already there are 
signs of this taking place. The term “Control 
Engineering” is gaining currency and it is apparent 
that “Control Engineering” is taken to mean the 
study of automatic systems and their application to 
production processes. 


We must build fully cybernetic plants, that 
is, whole factories with built-in control systems, 
with error-detection and correction taking place 
without interruption of the production flow. We 
must at the same time devise entirely new 
production processes and methods. Some _ of 
my machine tool friends regard me as a 
dangerous heretic when I say that the cutting of 
metals as a mass production process may well be 
coming to the end of its useful life, especially when 
research in machine tool technology is still very 
active. Many significant developments are evident 
in the automatic control of cutting processes and 
metal cutting will be with us for a long time yet. 
Nevertheless, other materials will replace metals in 
many applications and the cutting of metals will 
eventually become mainly a development and research 
process. Don’t ask me how we shall shape metals: I 
am not one of those 75°/, of the world’s supply of 
technologists all busy today. I am but a layman 
observing the trends. 

You might ask me how you will make an automo- 
bile engine without cutting metal and my reply would 
be that the massive scientific effort taking place at 
this very moment will make the automobile engine, 
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as we now know it, obsolete. Scientists will very soon 
present us with completely new forms of motive 
power, at present undreamed of. Even as I am pre- 
paring this Paper, all over the world scientists are 
busy inventing and discovering new things at a rate 
the world has never known before. Jt is in these fields 
of new automatic production technology that 1 
believe our most important effort in international co- 
operation for productivity must lie. There must be 
no petty obstructions to the application of new mass 
production processes. The backward nations must be 
taught how to “leap-frog” over all the painful 
processes of development and land right in the second 
half of the 20th century. We must keep our techno- 
logists, and even technicians, moving around the 
world learning from their colleagues and passing on 
their own learning. We must be prepared to launch 
vast schemes of capital investment in under-developed 
countries so that production can take place as near 
as possible to the point of consumption. 


improved teaching techniques 


The second field in which I believe international 
co-operation for productivity will be most fruitful, is 
in education. Educational productivity must itself be 
improved, in keeping with the speed of advance in 
other directions. Educators must themselves learn how 
to impart to their students more knowledge in less 
time. 


They must, therefore, revise their teaching 
methods for they are faced, for the first time in 
history, with a very real problem, especially in the 
field of science and technology. They know that what 
they are teaching their students today, is likely to be 
old-fashioned in five years and completely outmoded 
in 10. Whilst teaching their students all, and more, 
that they know themselves, they must be condition- 
ing their students’ minds for the acceptance of rapid 
change. We must make a gigantic international effort 
to spread improved techniques of teaching through- 
out the world. Civilisation cannot be sustained if the 
bulk of the 5,000,000,000 people in the year 2000 
are only partly-literate and partly educated. 


industrial research and development 


Mankind has benefited enormously from the 
tradition among scientists that the new scientific 
knowledge is available freely. This intercommunica- 
tion between scientific workers has been very severely 
restricted during the past 50 years, in the interests of 
“national defence”. Many of the world’s most 
advanced scientists are working under an impenetrable 
cloud of governmental secrecy. 


Much of today’s scientific efforts are directed to 
specific purposes, for example, shooting fireworks at 
the moon. To many people shooting fireworks at the 
moon seems to be a wholly lunatic procedure. Whether 
or not man ever succeeds in landing on the moon is 
irrelevant to this Paper; what is relevant is the fact 
that, arising from these lunatic efforts, there is a 
massive spillover into industry of new scientific and 
technological knowledge. There is an urgent need for 

















a great expansion of industrial research and develop- 
ment to exploit this new knowledge and adapt it to 
production requirements. 


It is here that I see another field for fruitful co- 
operation at international level. There is ample scope 
for international agreement on areas of industrial 
research and development. It is obviously ridiculous 
for us all to be doing the same thing at the same time. 
The days of the “ trade secret’? mentality are over; 
events are moving fast. Production engineers, because 
of their professional training in the field of organisa- 
tion and management, are especially well-equipped 
to establish organisational patterns which will allow 
this international co-operation to flourish. 


labour must be used— not abused 


The effective utilisation of labour offers another 
area where I believe spectacular results can follow 
from international co-operation. There are still far 
too many people who believe that improved pro- 
ductivity can only come from people working harder 
— especially when the harder work is done by the 
other fellow! This is absolute rubbish. There can be 
no real advance unless we make it possible for every- 
one to work less hard. Suppose a man to be sitting 
by the road breaking stones with a hammer; if he 
works steadily, he can break 5 tons in a day; if he 
strains himself to breaking point, he might break 
54 tons; supply him with a power hammer and he’ll 
break 20 tons with the same physical effort; supply 
him with a stonebreaking machine and he can stand 
by and have a quiet smoke whilst the machine will 
break 100 tons for him at the same time. 


All the materials of production are free. The grain 
of wheat, the knob of coal, the lump of iron ore—all 
free; but to make them available to man as bread, 
energy, or useful articles, man must work upon them. 
People talk of the dignity of human labour—just an 
excuse to keep the other fellow working! Proposals 
to replace labour with machinery may well be 
received with a hollow laugh in places like India 
which appear to have a super-abundance of labour. 
Nevertheless, those countries with the highest 
standard of living are those which are the most 
highly-mechanised. 

I am not very sure how much the term “ Work 
Study” is used or understood outside the United 
Kingdom. Most people will be familiar with such 
terms as time study, motion study, job evaluation, 
work measurement and method study : in the United 
Kingdom the term “Work Study” is used to embrace 
all these. Before the establishment of Work Study as 
a combined and_ recognisable technology, the 
separate elements were highly suspect, particularly 
by the labour unions. The stop-watch approach to 
production was anathema to many people—it was 
simply an employer’s device to grind down the 
workers. Work Study, however, has succeeded in 
entirely changing this outlook. Work Study is now 
accepted as being a means of determining “ the best 


way”; it is accepted as a tool of management to 
ensure the most effective utilisation of production 
resources for the benefit of all involved. This is a 





major achievement, the significance of which is not 
yet fully appreciated. Work Study provides a most 
valuable bridge between employers and workers, and 
the main credit for this must be attributed to Russell 
Currie, Head of the Central Work Study Department 
of Imperial Chemical Industries Ltd. Currie, with 
almost evangelical fervour, has won acceptance of 
Work Study on all sides. The technology of Work 
Study is still in a state of development but there is 
already ample proof that it is one of the most effective 
tools available for improving productivity. 


more paid holidays—less paid overtime 

I believe that in studying the proper utilisation of 
labour, we are serving the highest purposes. I believe 
that for the first time in history, we have it within 
our reach to free mankind from economic slavery. I 
do not use this term in any ideological or political 
sense. I mean simply that, since the dawn of history, 
man has had to spend the greater part of his waking 
hours working for his sustenance and self-preservation. 
What is the purpose of improving productivity, of 
scientific advancement, of the mastery of the forces 
of nature, if we still have to go on working all day 
and every day all the year round? In spite of all 
apparent advances, mankind is still working for the 
machine. It is high time that the machine began to 
work for man. I believe that engineers, and in par- 
ticular production engineers, are in a unique position 
to confer great benefits on mankind by making it 
possible for men to have the time to do the things 
that they wish to do. 

It is true that we have made some progress along 
this road. When my father served his apprenticeship, 
his standard working week was 66 hours. Today, 
the 40-hour week is widely accepted in the most 
advanced nations; in some places already there is 
talk of a 30-hour week. I should like to suggest a 
completely fresh approach to this question of working 
hours. A complete re-organisation of our working 
patterns, of the order of our social life, is highly 
desirable. Indeed, I myself believe it to be inevitable. 
To bring this about, however, will call for some basic 
re-thinking on the part of employers’ federations and 
labour unions. Time-honoured practices that have 
been invested with the force of religious beliefs will 
have to be thrown overboard. There will be no room 
for Shibboleths in the years ahead. 

When the whole world population is educated to 
a level beyond the mere ability to read and write, 
people will begin to demand not only more leisure but 
more usable leisure. If man has to travel to work for 
five or six days out of every week, he doesn’t get much 
real benefit from a marginal reduction in the number 
of hours in any week. Suppose, however, that we 
changed the unit: instead of talking of a 30-hour 
week, why not a 60-hour week and then a week’s 
holiday? Fifty years ago, men worked a 60-hour week 
every week, all the year round, with no holidays. Let 
us go a step further: instead of a 60-hour week let 
us do 120°hours a fortnight and then have two weeks’ 
holiday. Indeed, it would be no very great hardship 
to work a whole month without a break and then have 
a month’s holiday. It is easily within our capabilities 
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so to organise our lives that it will be possible for 
every one to work a whole year without a break and 
then have a whole year’s holiday. Think what enor- 
mous possibilities this prospect offers! Wouldn't it 
be worthwhile working for a whole year if it could 
be followed by a whole year of holiday—on full pay, 
of course? 


the use of leisure 


I am heartily sick of people who say that one of 
the major problems of society today is the effective 
use of leisure. The real problem is that people do 
not have enough leisure to use effectively. It is an 
insult to the intelligence of an educated human being 
to say that he is incapable of using his leisure 
properly. Again, it is always the other fellow. Of 
course, you know how to use your leisure. Give you 
a year’s holiday on full pay and you will find plenty 
to do. But the other fellow? — not him. He'll spend 
his time looking at television or playing the horses. 

How much more rapidly could we achieve under- 
standing between different peoples in the world if 
there was only time to travel freely and meet each 
other? How far can one usefully get in two or three 
weeks’ annual leave? No one is going to face the 
expense of flying from, say, Europe to Australia if, 
after a few days, he has to turn round and come 
back again. But, given the prospect of going to 
Australia or Timbuctoo, or any other place, for a 
whole year, there are many people who would 
willingly meet the expense. Furthermore, the very 
large numbers of people who would additionally be 
travelling, would enable us to achieve substantial 
reductions in the cost of travel. We should be building 
aeroplanes (or Hovercraft?) on the same scale that we 
now build cars. Think, too, of the great expansion of 
cultural life that could take place if only people had 
enough useful leisure time. 

It is extremely difficult to develop any sustained 
interest in effective use of leisure if it is being con- 
stantly interrupted by the need to earn some more 
living. At the moment we are not free agents. We 
must work during most of our waking time : that is 
what I mean by “economic slavery”. There are 
some people — indeed, many people — who enjoy 
their work, but there are vast numbers more for whom 





going to work is a necessary but tiresome chore. In 
the press-button future, occupational boredom will 
be more and more evident. All the more reason, there- 
fore, to provide for long periods of freedom from 
work in which to live the full life. 


the dominant technology 

I am well aware that in talking of international 
co-operation, one is all the time treading on the heels 
of politicians and statesmen. I believe this is a good 
thing. The more that engineers can influence politi- 
cians, the better. I am absolutely convinced that with- 
in the next two or three decades, production 
engineering will become the dominant technology 
throughout the world. Spacemen, nuclear scientists 
and others, may still be the glamour boys but, in 
terms of numbers and weight of influence, production 
engineers must predominate. Their efforts will 
inevitably bring more and more pressure to bear at 
political level. As world population grows, the sheer 
weight and volume of demand for the goods and 
services of civilisation will compel politicians to pay 
greater attention to the proper development and 
exploitation of the world’s production resources. To 
do this, they must turn more and more for informa- 
tion and guidance to production engineers. It thus 
becomes apparent that production engineers must 
take a much wider view of their professional life and 
responsibilities than they have tended to do in the 
past. 

They must see themselves, not simply as men 
following their chosen profession, but as men with 
a vocation, dedicated to the service of all mankind. 
This, then, is how I see the future — is is entirely 
impossible of achievement? 
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a ANY factors have enabled America, with only 
6°% of the world’s population, to produce half 
of the world’s goods and services. One is the spirit 
of competition which has spurred on productivity, 
and another the widespread use of techniques of 
management, known as industrial engineering. 
“Indian industries should take a cue from the 
American industries and establish industrial engineer- 
ing departments to aim at higher productivity and 
lower costs.” 


These observations were made by the first Indian 
Productivity Team in their report, “‘ Productivity in 
Industries of U.S.A., West Germany and United 
Kingdom”. It is widely recognised that industrial 
engineering can make a great contribution to the cause 
of industrial production, productivity and progress. In 
India today, the programme of industrialisation 
having assumed an urgent purpose, education in 
industrial engineering is a matter of key importance. 

The title of this Paper consists of two important 
elements, education and industrial engineering. It 
would seem logical to commence with an explanation 
of each. 
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EDUCATION FOR INDUSTRIAL ENGINEERING 


by R. MISHRA, M.Sc. (Eng.) (Birmingham), 
M.1.Prod.E., M.I.E., Member !.U.C., Delft 


education 


What is education? It will be realised it is not 
easy to define it. It has been said: ‘‘ Education must 
look to the whole man. It has been wisely said that 
education aims at the good man, good citizen and 
useful man” 1, 


In speaking of education one cannot do better 
than quote Sir Charles Livingston, the great edu- 
cational philosopher: “All men need to make a 
living, not a bare one but the best that the conditions 
allow. All men live in a society. All men have a 
personality to develop and the power of living ill or 
well. For all these, education must provide, and it 
must therefore include a vocational element, a social 
element, and as the Greeks would have called it, a 
political element and a spiritual element. Men must 
learn to earn a living, to be good members of a 
society and to understand the meaning of the phrase 
‘the good life’, and education must help them to 
achieve these three ends” 2. 


“cc 


. Professional education trains the student for 
competence in an occupation. Education has among 
others this double aim of preparing for a particular 
vocation and also for citizenship in a democratic 
community. These two ends are not exclusive of 
each other. If knowledge is power all education is 
both pure and _ professional ” 3. 


The foundation of professional education should 
be technical skill, a sense of social responsibility, and 
an understanding of the social and human values 
and relationships. Education, therefore, it will be 
realised, is deeper and wider than training, which is 
specifically job-oriented and wholly vocational. An 
educational programme, particularly for a_profes- 
sional career, however, will not be complete without 
specific provision for adequate training in it, but it 
may be emphasised that the programme will cease to 
be truly educational if it is wholly vocational in its 
purpose and approach. 


This is of great significance, particularly in the 
education of the industrial engineer who, as architect 
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of industrial productivity, provides technological 
knowledge on the management side of engineering 
industry. He deals with people and, therefore, 
requires competence in social skills. He creates 
standards of performance for those who “do”, and 
of expectancy by those who “ manage”. The indus- 
trial engineer must be a person of high professional 
ethics. Impartiality, fairness, and a sense of justice are 
indispensable qualities in him. Like the engineer in 
any other discipline, the industrial engineer must be 
a creative technologist. 

“Perhaps the most important quality for the 
industrial engineer is the facility to see like qualities 
and characteristics in circumstances superficially 
unlike” 4. A primary need is that the professional 
man, particularly the industrial engineer, learns to 
see the whole problem with which he deals, not 
merely its technical aspects. Technical understanding, 
skill and method have to be acquired in their total 
human and social setting. Education of the industria! 
engineer should take into account all these, besides 
his basic technology, and the “ tools” with which he 
operates, and the skill he requires in the use of these 
tools. 


industrial engineering 


Before discussing the educational programme for 
industrial engineering, it may be useful, even essential, 
to have an exact idea of industrial engineering. That 
this should be necessary after over 50 years during 
which industrial engineering has been taught and 
practised may appear somewhat strange. However, 
if we consider the rapid growth which has taken place 
during this period, and is still taking place in the 
art and science of this branch of engineering, and 
the somewhat belated recognition given to it, as an 
academic discipline in countries other than U.S.A., we 
may appreciate the reasons of the observation “ like 
most of the terms used in our field of study, industrial 
engineering awaits definition ” 5. 

The Report of the Productivity Personnel Survey 
Committee of the National Productivity Council of 
India observes: “By and large there was no clear 
understanding on the part of managements of the 
terminology used in the questionnaire or of the use- 
fulness of modern productivity techniques. Even in 
progressive industries, the degree of variation in 
thought seemed to be wide”. 

In many industries, industrial engineering is still 
little known. Even in industries where it exists, in 
most of the cases it is considered synonymous with 
work study; worse still, with time study. It is true 
that the beginning of industrial engineering was in 
what is now known as work study. Industrial 
engineering has since grown several times, and work 
study forms but a part of it. The industrial engineer 
must be distinguished from the industrial technician. 
The former is a broad-based well-educated techno- 
logist; the latter a well-trained practitioner in the 
area of specific technique. 

The American Society of Industrial Engineers has 
adopted the following definition : 

“Industrial engineering is concerned with the 
design, improvement and installation of integrated 
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systems of men, materials and equipment. It draws 
upon a specialised knowledge and skill in the mathe- 
matical, physical and social sciences together with 
principles and methods of engineering analysis and 
design to specify, predict and evaluate the results 
to be obtained from such systems.” 


The Society for the Advancement of Management 
defines: “Industrial engineering is the application 
of engineering knowledge and techniques to the 
study, improvement, design and installation of : 


1. methods and systems; 


2. standards including quantity and quality 
measurements as well as organisational and 
operating procedures; and 


3. controls, whereby performances are measured 
against standards, followed by appropriate 
action, all with due regard to the well-being of 
employees, to achieve better management 
chiefly in, but not limited to, industrial enter- 
prises to the end that improved products and 
services may be had at lowest cost.” 


Industrial engineering has also been called 
administrative engineering and management engineer- 
ing. Yet, another appropriate name would be 
productivity engineering. A staff activity of manage- 
ment, industrial engineering is concerned with the 
following : 


1. Technology adopted in the industrial manu- 
facture. Knowledge of the technology will be 
useful in preparing industrial engineering 
designs for the manufacturing system. It will 
be essential in the improvement of technological 


methods. 


2. Design and Planning in regard to organisation, 
including procedural and communication 
systems; industrial location, layout, working 
conditions and factory services; selection, use, 
and replacement of plant and machinery; 
production, inventory and budgets; wage 
system based on job evaluation, merit rating 
and incentive considerations; and quality, cost 
and other control systems. 

An important area of design is what is known 
as job design, based on the knowledge of Human 
Engineering which seeks to apply the scientific 
data in regard to vision, audition, anthropo- 
metry and physiology to the design of “ work 
place’ and in equipment engineering. 


3. Creating Standards. Planning for production 
produces standards of performance and expec- 
tancy, but basic standards, the result of 
creative engineering, are an essential prerequisite 
to sound planning. Such basic standards relat- 
ing to the effective use of labour, material and 
equipment are created by the industrial 
engineer. 


4. Decision making. With increasing complexity 
in business and industry, manageria! decisions 














lay considerable emphasis on the quantification 
of the criteria in decision-making in order that 
decisions may be more reliable and acceptable. 
Through operational research — techniques, 
electronic data processing, and other computer 
techniques now being progressively adopted in 
advanced industrial organisations, the industrial 
engineer has an all-important role to play in 
developing optimum managerial decisions. 
“Within 10 years, 75% of all important 
management decisions by major American 
companies will be the result of mathematical 
computations ”, said H. B. Maynard, speaking 
to the Engineers’ Club of New York about two 
years ago. 


5. Implementation of the industrial engineering 
designs. The primary responsibility for imple- 
mentation of some designs may not be with the 
industrial engineer himself, but his role in the 
process of implementing is of vital importance. 
Knowledge of the human factors of work, 
“social engineering”, the application of the 
scientific data of the social sciences, such as 
pyschology, sociology, etc., to secure acceptance 
of the design and its smoother working, is a 
powerful asset to the industrial engineer. This, 
in addition to the expert knowledge he brings to 
his designs, and above all, the impartial and 
objective view he should take about “ perfor- 
mance” and “expectancy”, places him in a 
unique position to help in the process of 
implementation. 


It may be useful to emphasise that industrial 
engineering study combines the subjects of techno- 
logy and management. Therefore, it is generally 
considered as an ideal area of studies for potential 
executives. As a discipline, it cuts across the frontiers 
of different technologies, such as mechanical, 
chemical, metallurgical, textile, etc. It does not 
generally replace the basic technology of the industry 
in which it operates, though it essentially finds appli- 
cations in any manufacturing industry where 
maximum utilisation of all the resources is to be 
achieved. 


the urgent need for industrial engineers 


The speed of industrialisation is regulated mainly 
by the number of available technologists. The White 
Paper published in U.K. in 1956 on Technical 
Education gives the following figures on the annual 
output of technologists. 

Annual out put of 


technologists 
Country (per million of population) 
Russia... ei eh oe 280 
ik 7 ae sie ike awa 136 
West Germany ... Te roe 86 
Switzerland oe sa ee ae 
France... gis ae ve 70 
Great Britain... we ae 57 
Italy _~ i oy bas 39 
India iad Sas sa «di 10 





In U.S.A. about 5°/, of the engineering graduates 
on undergraduate level are industrial engineers. At 
the levels of Master’s and Doctor’s Degree, they are 
approximately 8°%, and 4° respectively. To provide 
an appreciation of the relative volumes of study in 
industrial engineering in U.S.A., the following table 
is extracted from circular 387 of the Office of Educa- 
tion, Washington, D.C. A significant trend is notice- 
able in the U.S.A. in the relatively larger expansion 
in industrial engineering studies at the post-graduate 
level. 


Enrolment for post-graduate studies : 
Enrolment P.G. 
ratio as % Master’s degree (not Total 
Engineering of under- degree Doctor- Doctor's higher 
Curricula graduate 1952/53 ates) degree degrees 


Electrical 19.5 866 14 132 1,012 
Civil 9.6 560 13 32 605 
Mechanical 10.4 608 19 78 705 
Chemical 17.5 433 147 580 
Industrial 22.2 215 7 3 225 


Enrolment for undergraduates studies : 


No. Part time 
Engineering of and special 
Curricula schools Full time day Evening 
Electrical 170 30,775 363 3,254 
Civil 168 21,109 202 1,532 
Mechanical 168 31,898 393 3,193 
Chemical 122 13,152 48 693 
Industrial 78 6,208 89 744 
No. of 
Ist degree 
Total in 1952/53 
Electrical 34,397 4,905 
Civil 22,843 4,400 
Mechanical 35,484 5,917 
Chemical 13,893 2,276 
Industrial 7,041 1,525 


employment of engineering personnel 

An impressive expansion took place in the employ- 
ment of industrial engineers in U.S.A. during the 
census decade 1940-1950. Still, demands for such 
engineers have always been far from saturation. The 
relative figures for employment of engineers of 
different branches are produced in the following 
table : 


Branch 1940 1950 Increase % 
Civil 105,500 124,600 18 
Electrical 55,700 93,400 58 
Mechanical 85,500 98,600 15 
Chemical 11,600 31,100 168 
Industrial 9,800 46,700 376 


In India, this year (1959), 4,760 graduates and 
7,910 diploma holders will graduate from the 
country’s Engineering Colleges and Polytechnics. After 
all the proposed institutions are set up, annual admis- 
sions would exceed 13,500 for degree courses and 
25,000 for diploma courses. But so far as the industrial 
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engineering graduates are concerned, the only whole- 
time course is offered at the Indian Institute of 
Technology, Kharagpur, and is, as indicated earlier, 
at the post-graduate level, to which admissions are 
limited at 10 every year. The two other institutions, 
Indian Institute of Science, Bangalore, and V.J.T.1., 
Bombay, offer evening courses for working men, 
spread over a period of three years and admit 30 - 50 
men annually. 

The figures will indicate the nature and extent of 
the need in Indian industries for well-educated indus- 
trial engineers. The need is bound to be accentuated 
in years to come when the rate of industrialisation is 
planned to accelerate. With growing appreciation of 
the role of industrial engineers in our industries, the 
demand for their services is bound to expand. Atten- 
tion was focused on this problem by the first Indian 
Productivity Team. Their report says: “In India 
industrial expansion will bring about an acute short- 
age of industrial engineers. Attention should be paid 
to this problem by preparing curricula for engineering 
institutions to train industrial engineers ” 6, 

Based on the current demands for qualified 
industrial engineers and anticipated increase in the 
demands in near future, it would seem that provision 
of educational facilities at the leading technological 
institutions in the country for training 200 - 300 
industrial engineers at post-graduate level may be 
considered necessary to satisfy annual requirements. 


levels and curricula of industrial engineering 
education in U.S.A. 


In U.S.A., industrial engineering education is 
imparted at both the undergraduate and the post- 
graduate levels. The undergraduate curriculum, 
generally extending over four years, covers mainly 
the mechanical engineering field in the majority of 
the courses. The general approach is to make the 
first year common to all engineering students, aiming 
to establish a base of fundamental science and an 
introduction to engineering. Studies in the first and 
second years are not specifically in the industrial 
engineering field. The industrial engineering course 
covering workshop technology and some industrial 
engineering techniques occupies 35°/, - 65°/, of the 
curriculum for the third and fourth years of studies, 
the rest being common generally with mechanical 
engineering course. 

At the post-graduate level, courses with a strong 
management approach are either based on a first 
degree in industrial engineering, or in any other 
branch of engineering, and in some limited cases, 
even on a degree in general science. For students 
without the Bachelor’s Degree in industrial engineer- 
ing, some prerequisites are always prescribed. The 
Master’s course extends over a period, varying from 
one to two years, depending on the undergraduate 
preparation of the student. 


a typical undergraduate curriculum’ 
First Year (Freshman year) 


1. General Chemistry 
2. Composition or principles of speech 
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Engineering Graphics 
Mathematics for Engineers and Scientists | 
. Freshman engineering lectures 

. Military Training 

. Mechanics 

. Mathematics for engineers and Scientists II 


COMI Ob 09 


Second Year (Sophomore year) 
1. Mathematics for Engineers and Scientists III 
. Heat, Sound and Electricity 
. Statics and Kinetics 
Introduction to Industrial Engineering 
. Military Training 
. Mathematics for Engineers and Scientists 1V 
. Optics and Modern Physics 
. Engineering Metallurgy 
. Manufacturing Processes 


OOH wpr 


Third Year (Junior year) 

. Engineering Analysis and Design I 

. Quantitative Methods 

. Elements of Thermodynamics 

. Mechanics of Materials 

. Introduction to Engineering Statistics 

. Economic Principles 

. Industrial Engineering Analysis and Design II 
. Statistical Control 

9. Electrical Engineering 

10. Mechanism and Machine Design 

11. Chemical Process Calculations 

12. Elements of Accounting and Cost Accounting. 
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Fourth Year (Senior year) 

. Industrial Engineering Analysis and Design III 
. Electrical Engineering 

. Fluid Mechanics and Heat Transfer 

. Technical Elective 

. Psychology in Industry 

. Non-Technical Elective 

. Industrial Engineering Analysis and Design IV 
. Systems Analysis 


OnNOUPONM 


A typical Master’s Degree curriculum 8 

Curricula of different institutions in U.S.A. vary 
considerably. There are courses with or without 
thesis, with emphasis on technology of metal pro- 
duction or industrial mathematics and computation. 
Courses vary in their content of electives to provide 
for opportunity for advanced specialisation, and also 
in what may be called the purely industrial engineer- 
ing content : 
. Job Evaluation 
. Advanced Motion and Time Study 
Quality Control Application 
Advanced Engineering Economy 
Problems in Engineering Economy 
. Depreciation 
. Civil Engineering Economy 
. Advanced Production Engineering 
. Engineering Climatology 
. Operations Research 
. Data Processing Seminar 
. Data Processing Laboratory 
. Industrial Engineering Problems 
. Other two subjects as electives 
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types of industrial engineering course 
in U.S.A. 

There are two distinct types of courses in the U.S.A. 
falling in the area of industrial engineering. One of 
them is primarily based on _ specifics, i.e., the 
techniques, and the other is a broad one, based on 
management and human relations. Typical examples 
of the latter are the courses designed as Industrial 
Management at the Massachusetts Institute of 
Technology and the Carnegie Institute of Techno- 
logy. The educational programme in such schools 
of industrial management is based on the belief that 
executive training can best be achieved in an 
engineering environment. It is said that the engineer- 
ing studies develop an attitude of mind, the engineer- 
ing approach, which is of great value in handling 
managerial problems. 

Speaking on this point, Lord Hives, of Rolls-Royce 
Ltd. said: “Let me stress, once again, that I am 
convinced that, in this highly technical age, there 
is a great and primary need for men with a thorough 
fundamental technological knowledge in the manage- 
ment side of the engineering industry. A man with 
this fundamental knowledge and the necessary 
breadth of outlook can, and indeed must, rise 
to the top. The majority of the Directors and Senior 
Executives at Rolls-Royce are engineers and, it is 
my fervent hope, will always in the future be 
engineers, because they are most fitted to direct the 
policy.” 

The University Commission under the Chairman- 
ship of Dr. Radhakrishnan similarly attached great 
importance to the role of engineers as administrators. 
The Report of the Commission says : 

“As civilisation grows more and more complex, 
and new discoveries in science and technology are 
being put to large scale use, great engineering adven- 
tures are being undertaken in every country; for 
example, the Tennessee Valley Schemes and the 
Atomic Energy Projects in the U.S.A., and the great 
hydro-electric and river development projects in 
different countries of the world, including our own. 
Earlier we had the great railway and canal projects. 
The organisation of large factories like the Tata Iron 
and Steel Company falls in the same category. 

“ The ideal head of such an organisation should be 
an executive who is also an engineer, scientist or 
technician and who has an intimate knowledge of 
the science and technique of the particular under- 
taking, both on the theoretical and practical side. In 
addition, he should have knowledge of finance and 
business administration, and be able to handle large 
bodies of men. Such combinations are rare among 
professional engineers or scientists, and therefore 
many such posts were filled by lawyers, financiers, or 
even political leaders. Though some of these adminis- 
trators have done their job well, there have been 
many failures or cases of gross mismanagement. It is 
preferable that engineers and scientists are put in 
charge of such jobs” 9. 


An important feature of the undergraduate curri- 
culum for Industrial Management is that its content 
of the engineering and scientific studies is the same 








as in the curriculum of the engineering degree course. 
Management studies at this level represent only about 
25°/, of the course. 

The Master’s Degree course in Industrial Manage- 
ment, generally extending over a period of two years, 
seeks to achieve a co-ordination of engineering 
knowledge with managerial knowledge and_ skill. 
Therefore, admissions to the course are generally 
restricted to those with satisfactory undergraduate 
preparation in engineering and technology. 

The subjects of study in the first year of the post- 
graduate course at M.I.T. include Economic Analysis, 
Economic and Business History, Inter-personal Rela- 
tions, Accounting and Cost Analysis, Manufacturing, 
Business Economics, Labour Management Relations, 
Industrial Statistics, Distribution and Finance. The 
second year course consists of Fundamental Legal 
Problems, Personnel Administration, Quantitative 
Analysis of Industrial Problems, Manufacturing 
Analysis, Industrial Marketing, Financial Adminis- 
tration, Administrative Policy, Seminar and Thesis. 

It will be evident that the first type of course, i.e., 
the course in “Specifics”, is oriented to the immediate 
needs of functional responsibilities in the area of 
industrial engineering, whereas the latter is directed to 
the preparation for executive responsibilities to which 
the graduate of the course will rise in 10 - 15 years. 


level of industrial engineering course in India 


Speaking of the deficiencies in the education of 
engineers, the University Education Commission said : 

“They commonly lack preparation in practical 
subjects closely related to technical engineering such 
as business administration, labour relations, and 
industrial finance, though frequently the success of 
engineering projects depends as much on competence 
in these fields as in engineering technology. 

“The reason for this lack is that the engineering 
courses have generally been limited to engineering 
technology and the underlying physical sciences and 
mathematics. As a result, with a few notable excep- 
tions, the engineer is not prepared to take a broad 
and inclusive view of affairs, nor to take significant 
part in the determination of state policy, even relat- 
ing to large engineering projects. The engineer tends 
to carry other man’s purposes, rather than to be a 
determiner of purpose ” 10, 

To meet the problem, the industrial engineering 
content in the curricula of the traditional engineering 
technologies requires to be suitably developed. 

In India, there is no course leading to the first 
degree (Bachelor’s) in industrial engineering. How- 
ever, it is the general practice to provide courses in 
workshop technology, engineering economy study, 
and some other aspects of industrial engineering as 
part of the curricula of studies for degree courses in 
mechanical, electrical and some other branches of 
engineering. In some institutions, such as B.I.T., 
Sindri and I.1.T., Kharagpur, the curriculum of 
mechanical engineering provides a strong elective in 
industrial engineering for the purpose of limited 
specialisation. 

Industrial engineering as a course of studies lead- 
ing to a degree has so far been considered in India 
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only at the post-graduate level. There also it has 
been strongly argued and generally accepted that the 
most suitable preparation for the study of industrial 
engineering requires a basic degree in engineering, 
with a short spell of one to three years of exposure 
to the practice of engineering in industrial environ- 
ments. It is generally held that the demands of 
production ahead of us are most likely to be met by 
persons with specialised post-graduate training, bring- 
ing knowledge in the art and science of management 
to those already skilled in the practice of technology. 


Courses dealing with intricate branches of manage- , 


ment control cannot effectively be given without 
reasonable maturity in the student. It is therefore 
recognised that courses dealing with matters, such as 
motion study and time study, will be more soundly 
effective when the processes and the people involved 
are better known. In U.S.A., too, there is a wide 
recognition of the value of some industrial training 
prior to entering on a post-graduate course in manage- 
ment studies including industrial engineering. How- 
ever, with the lowering of the marrying age in the 
U.S.A., and good opportunities of employment for 
graduates in engineering, it is not generally possible 
there to fulfil the need of industrial experience for 
the student entering on a post-graduate .course in 
industrial engineering. In India, considerable 
importance has been attached to the need of 
industrial experience and a minimum of such 
experience after first graduation, of not less than a 
year, has generally been insisted upon as a condition 
for admission. 


industrial engineering in the Indian Institute 
of Technology, Kharagpur 


The Indian Management Educationists Team 
which visited U.S.A. earlier this year observed : “ The 
programme of Master’s Degree course in industrial 
engineering in U.S.A. is substantially on the same 
lines as in India”. The observation is significant and 
should provide confidence in the courses available 
in the country. 

According to the recommendations of the All India 
Board of Technical Studies in Management, three 
Institutions—the Indian Institute of Technology, 
Kharagpur; the Indian Institute of Science, Bangalore; 
and the Victoria Jubilee Institute, Bombay—were 
selected to organise the post-graduate course in 
industrial engineering. Kharagpur started the course 
in 1953 on a whole-time basis. The course covering 
a period of one year leads to the degree of Master 
of Technology. 

The course curriculum is designed to prepare men 
for professional careers in industrial engineering, and 
to enable them to perform other managerial functions 
which require scientific and engineering backgrounds. 
The course seeks to develop the power of independent 
work and decision-making, to encourage the spirit of 
investigation and research, and to specialise without 
becoming narrow. 

The course consists of four teams of approximately 
three months each. The first three terms are devoted 
to lectures, seminars, laboratory, analysis and design, 
and discussion of “cases”. The fourth term is spent 
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exclusively on a thesis or project work to stimulate 
independent thinking, to develop the capacity to 
investigate a problem and to apply to it industrial 
engineering techniques, to form an introduction to 
the methodology of research and to promote interest 
in it; and last but not the least, to foster the develop- 
ment of ability “ to communicate ” through technical 
reporting. The emphasis on “learning through 
doing” is based on the belief that: “ Whether we 
are being introduced to the delights of literature, 
or the wonders of science, or the pride of craftsman- 
ship, our whole being must be at work. Only then 
is education turned into joy triumphing over its 
weariness and pain” 11, Learning is consolidated by 
putting it into use. 


some problems of industrial engineering 
education in India 


In spite of the relative lack of knowledge in 
industry about industrial engineering and its potential 
capacity to contribute to the progress and prosperity 
of industry, there is quite a heavy demand on the 
services of the few industrial engineering graduates 
now being produced in the country. However, there 
are so far absolutely no signs of any desire on the 
part of industry to invest in the development of such 
engineers by offering opportunities to their young 
engineering graduate employees to enable them to 
undergo advanced post-graduate courses. There are 
several courses abroad which are attended by 
students, all of whom are sponsored by industries. Our 
insistence on adequate industrial experience as an 
essential condition for admission, the reluctance of 
industry to release young men to undergo the course 
and, above all, the financial considerations involved, 
are some of the problems in getting the right type 
of students. 

The development of industrial engineering educa- 
tion abroad depends largely on the active interest and 
support from industries. The older engineering disci- 
plines — Civil, Mechanical, Electrical, and so on — 
are themselves expanding, and their own demands on 
University resources have been progressively increas- 
ing. Therefore, the young discipline of industrial 
engineering often fails to draw adequate sustenance 
for its growth and development from the University 
resources. The problem has, however, been largely 
overcome in foreign Universities through generous 
support from industries which has taken the form 
of capital grants for building and laboratory equip- 
ment, endowment of professorial chairs, grants for 
research projects, institution of scholarships, and 
making available facilities in industry for students 
and faculty members for their study and research. 
Industrial executives have, by their active interest 
in the course programme, helped in the flow of 
executive experiences from industry to education. In 
India today, the industrial engineering programme 
requires active and expanded support from industry 
in all these matters. 

Industrial engineering education, like any other 
advanced educational programme, requires to be 
based on continuing research. Advancement of know- 
ledge is necessary for the continued vitality of 

















1. Work Physiology and Motion Economy (study of 
the science of work, involving principles of anatomy, 
physiology, etc., bearing on industrial fatigue and 
optimum work efficiency; human engineering). 


2. Work Measurement and Wages Systems. (Different 
systems of establishing time standards and systems of 
wages.) 


3. Industrial Statistics. (Principles of statistics and their 
applications to industrial problems.) 


4. Industrial Management. (The nature and significance 
of management; planning and organising, control, 
co-ordination and motivation; principles of manage- 
ment; management development; management 
audit.) 


5. Production Engineering. (Economic study of manu- 
facturing processes, metal-cutting and__ tooling, 
engineering materials.) 


6. Factory Planning. (Study of industrial location; 
selection, use, and replacement of plant and 
machinery; factory buildings, and plant services; 
plant layout and materials handling; personnel 
planning, etc.) 





CURRICULUM IN INDUSTRIAL ENGINEERING 
FOR THE MASTER’S DEGREE COURSE 


7. Production Planning and Control. (Translating 
sales forecasts into manufacturing and ensuring con- 
trol overall phases thereof, including purchasing 
and storekeeping.) 


8. Quality Control. (Traditional inspection and statis- 
tical methods.) 


9. Product Engineering and development. (Product 
analysis, simplification, diversification and standardi- 
sation; design for production, packaging; product 
research and development.) 


10. Industrial Economics. (Corporation finance, manage- 
ment accounting, cost control, analysis of alterna- 
tives; budgetary control.) 


11. Personnel Management. (Selection and training, job 
evaluation, merit rating, wages administration, 
human relations and principles of supervision, 
industrial relations, industrial law.) 


12. Productivity Study. (Productivity measurement, 
work sampling, operational research, economics of 
mechanisation, automation.) 


13. Seminar. (On an elective chosen in consultation with 
the Faculty.) 

14. Thesis/Project. (Independent work, covering 25% 
of the course decided in consultation with the 
Faculty.) 








teaching. A study unless rooted in research is bound 
to die down. Besides, industrial engineering education 
to be real and effective must have contact with the 
realities of the industrial world. U.S. industries play 
an important role by providing opportunities to 
faculty members for industrial projects and consul- 
tancy assignments. Much remains to be done in our 
country to develop such co-operative and mutually 
advantageous relationships. 

One of the problems of management teaching in 
India today is the lack of suitable indigenous “ case ” 
materials. In the U.S.A., “case” material is pre- 
pared by individual faculty members and academic 
organisations through research projects. Inter- 
University organisation also exists with sufficient 
resources for the purpose. Managers in our industries 
can render useful services by offering suitable 
“ materials” with which “cases” may be built. 

An urgent problem is the lack of text-books written 
by Indian authors. It is a handicap to both the 
teacher and the taught. Professors in the field are 
under special obligation to face this problem. 


conclusion 

It is vital that the practice of industrial engineering 
should permeate all activities of manufacturing and 
service, irrespective of the nature of the product, size 





of the organisation, and the form of ownership. This 
requires an expansion of industrial engineering per- 
sonnel and, therefore, organisation of facilities for 
education in industrial engineering. 


The industrial engineering content in the curricula 
of engineering studies, such as mechanical, electrical, 
metallurgical, etc., should be brought to a level con- 
sistent with the requirements of industry of today 
and tomorrow. 

As a course of studies leading to the degree, 
industrial engineering by its nature is suitable at the 
post-graduate level. The relatively high rate of expan- 
sion in industrial engineering studies at the post- 
graduate level in the U.S.A. shows similar trends in 
thinking there also. 


Industrial engineering combines technology and 
management. At the post-graduate level, it is mainly 
devoted to the evaluation and specification of physi- 
cal requirements of manufacturing and the develop- 
ment and application of “tool” subjects used by 
management. It is therefore essential for a course 
in management studies. 

Industry should expand its active interest and 
support for industrial engineering education and 
training. Industrial engineering educators must look 
to the industry as the laboratory of industrial 


377 





engineering and draw on it as largely as possible for 
dynamic teaching materials. 

Industrial progress in the country imposes urgent 
and immediate demands for qualified industrial 
engineers. The current output of such engineers is 
far too short of even the minimum required. 
Educational institutions, industries and _ professional 
bodies concerned, owe it to the cause of the country’s 
industrial progress that industries are not starved 
of the much-needed services of the industrial engineer. 





What Walter Scott told his audience at Melbourne 
in September, 1957, holds much more strongly today 
in our country. He said : 

“Don’t let the tag of ‘too little, too late’ ever 
be said in relation to your part in engineering 
education. What a challenge to you all! And how 
much there is to be done! Don’t. we want Universities 
of Technology Industrial Engineering? Can’t we do 
something about wastage of talent and such 
essentials? ” 12, 
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Summer School for Computers and Production Technology 


The Mathematics and Production Technology and 
Control Engineering Departments of Northampton 
College of Advanced Technology, St. John Street, 
London, E.C.1, are organising a Summer School] on 
Computers and Production Technology, which will 
be held from 12th - 16th June, 1961. 

Papers will be given on: Digital Computers; 
Analogue Computers; Operational Research and 


Production; Computer-controlled Machine ‘Tools; 
Production Control; Stores Control; Operational 
Research; Process Control; Simulation; The Feasi- 
bility Study; Choosing and Installing a Computer; 
and Managerial Consequences. 


All enquiries regarding the Summer School should 
be addressed to: The Secretary at the College. 





Waverley Gold Medal Essay Competition, 1961 


This year’s Waverley Gold Medal Essay Competi- 
tion is being sponsored by the journal “ Research”, 
for the ninth year in succession. The Competition is 
designed to encourage the scientist in the laboratory 
and the engineer in the production plant to express 
his views and translate his work into an essay that 
will be readily understood by other scientists, directors 
of industrial firms and others interested in science and 
technology. 

The Waverley Gold Medal, named after and bear- 
ing the coat of arms of the late Lord Waverley, 
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together with £100, will be awarded for the best 
essay of about 3,000 words describing a new project of 
practical development in pure or applied science. 
There will be a second prize of £50 and also a special 
prize of £50 for the best entry from a competitor 
under the age of 30 on 3lst July, 1961. 


Full details and entry forms may be obtained from 
The Editor of “Research”, 88 Kingsway, London, 
W.C.2, and should be completed and returned by not 
later than 31st July, 1961. 











HE important recent changes in_ technical 

education are so far-reaching that industrialists 
should appreciate the implications, but this is becom- 
ing more difficult since our general educational system 
is so little understood. An attempt is here made to 
outline the whole system without much detail, and 
then to consider the changes in the structure of the 
technical courses. 


structure of full-time education 
The three divisions in education are as shown in 


Table I. 
TABLE | 


Structure of Education in England and Wales 


|. PRIMARY (Under 11 years of age.) 


ll. SECONDARY 


— Modern 


(11+ to 15 minimum.) 


— Technical 


— Grammar 


ill. FURTHER (From 15, eventually 16.) 

— STATUTORY 
— County Colleges. (16-18. Not yet introduced.) 
— Teacher Training Colleges 
— Colleges of Commerce and/or Art 


— Colleges of Technology 





— Local 

— Area 

— Regional 

— Advanced (C.A.T.) 


— AUTONOMOUS 
— National Colleges 





— Universities 
— Independent 





CHANGES IN TECHNICAL EDUCATION 


by W. G. AINSLIE, M.A., B.Sc., M.I.Prod.E. 


Senior Lecturer in Engineering Production, 
University of Birmingham; 

Chairman, Education Committee, 

The Institution of Production Engineers. 


The outstanding work of the primary division is 
worthy of closer attention, but it cannot be dealt 
with in this article. 


Secondary education is not so sharply divided into 
the three divisions outlined in the Education Act 
1944, for a series of experiments is being carried 
out with the object of finding the best combination 
of two or more groups of schools in one site, resulting 
in the arrangement shown in Table II. 


TABLE II 


Types of Secondary Schools 





% Total 

1. Unilateral 

— Modern 67 

— Technical 22 

— Grammar 5 
2. Bilateral 

— Modern + Grammar 

— Modern + Technical | 

— Grammar + Technical l 
3. Multilateral (M + T + G; separate courses) | 


4. Comprehensive (M + T + G; combined courses) 2 


5. Others 3 
100 
(= 5,500 schools approx.) 


Types 2 and 3 bring together various groups of 
buildings, staff and other facilities, although pupils 
are placed in their separate schools. Type 4 brings 
together all the studies, combining them in courses 
designed to give pupils a taste of all three. 
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the structure of further education 


County Colleges were envisaged in the Education 
Act 1944, but are still not in being due to extreme 
shortage of teachers. The intention was to provide 
compulsory further education for all young persons 
leaving school until they reached the age of 18, 
securing attendance for one whole day or two half- 
days in each of 44 weeks in every year. (Education 
Act 1944, Section 44.) 


Colleges of Technology are statutory, being 
supported by part grant from the Exchequer (60°%/, to 
75°), and the remainder from local rates. The 
extent of the grant depends upon the number of 
student hours and the standard of the courses which 
are approved by the Ministry of Education. 


Local colleges, of which there are about 350, 
provide non-vocational, general and adult 
courses. 


Area colleges (about 170), arrange more 
advanced or specialised courses in general 
education and non-vocational studies, with some 
elementary vocational courses. 


Regional colleges (22) take technical and 
scientific studies to a higher level, certainly to 
National Certificate standard. Indeed in 1960 
11 had 25 courses leading up to the Diploma 
in Technology. 

Colleges of Advanced Technology, at present 
nine in number, to be 10 eventually, deal with 
all technological courses above the Ordinary 
National Certificate level. 


National Colleges exist for specialised study in some 
particular field for which there is insufficient demand 
to provide courses in the above colleges. They are : 


1. The College of Aeronautics. 

2. National Foundry College. 

3. National College for Heating, Ventilating and 
Fan Engineering. 

4. National College of Rubber Technology. 

5. National Leathersellers’ College. 

6. National College of Food Technology. 


Finance is by direct grant from the Treasury. 


Universities are autonomous, drawing up their 
own courses, syllabuses, and awarding their own 
degrees. They are financed mainly by block grant 
from the Treasury through the University Grants 
Committee, and partly by private donations, There 
are 22 universities in Great Britain and one Univer- 
sity College (Keele); three more universities are to 
be founded at Brighton (Sussex), Norwich and York; 
three or four other places are under consideration 
for further foundations. 


the work of the Colleges of Technology 
Before 1956, the courses available could have been 

grouped as follows : 

lity and Guilds Craft. 

. National Certificate. 

Management. 

. London External Degree. 
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The White Paper on ‘‘ Technical Education ”’, pub- 
lished in 1956, had the effect of modifying this 
arrangement by discouraging part-time study for a 
degree, and by encouraging the growth of the 
sandwich courses for advanced studies. These were 
dealt with in fuller detail by F. W. Cooper in The 
Institution of Production Engineers’ Journal, 
October, 1960. 


The difficulties of the craftsman and _ technician 
were still not relieved, with the result that far too 
many students still entered for the advanced courses 
only to find them beyond their academic ability, 
producing very high wastage of student and college 
time with attendant frustration. The latest contri- 
bution towards alleviation is found in the White 
Paper of January, 1961: “Better Opportunities in 
Technical Education”, where the cases of the 
technicians, craftsmen and operatives are specifically 
considered. A useful diagram appears as Appendix 
C which is here used as the basis of Fig. 1, with a few 
alterations. 


major changes 


The chief recommendations of the White Paper 
are : 

1. New Operatives’ Courses to be designed to 
meet the needs of the future process and plant 
operators in many industries. 

2. Broadened Craft Courses intended for appren- 
tice craftsmen, and similar to one or two of the latest 
revised City and Guilds courses. 

3. New General Courses for the school leavers 
who show promise of becoming technicians. They will 
provide better preparation and assessment of the 
student’s abilities to proceed with the next stage. 

4. New Technicians’ Courses to suit the needs of 
the student aspiring to be a “ technician ”’, defined in 
the White Paper as a term “ applied to a wide range 
of responsible jobs involving a higher level of scientific 
and technical knowledge than that needed by a crafts- 
man but below that needed by a technologist ”. These 
Technicians’ Courses will be fed mainly from the 
General Course. 

5. Reduction of the Ordinary National Certificate 
courses to two years. This is to be achieved by 
abolishing the old S1 year, and limiting course entry 
to students from the General Course or with appro- 
priate exempting qualifications. 

6. Increase of the college year to 330 to 380 hours 
for part-time day courses. 

7. Extension of part-time day, sandwich and 
block release courses to relieve students who, at pre- 
sent, have to study wholly in the evenings. 


A few colleges have already been pioneering, but 
now all colleges are being urged to organise their pro- 
grammes for September, 1961, when it is hoped that 
the new schemes will be well supported by industry. 


As a result there should be a considerable increase 
in the number of students taking up technical 
education through the better, but still incomplete, 
bridging of the schoo] leaving gap between 15 and 16 
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years. There should be much improvement in student 
guidance and selection of careers, with considerable 
reduction of failures in National Certificate Courses. 


Although some may complain that this is at the 
expense of curbing the freedom of choice of the 
student, yet it should be looked upon as reducing 
his freedom to choose failure, due to his ignorance of 
the course pace, and increasing the freedom of the 
academic student to learn faster and _ better, 
unhampered by slower companions. 


Neither new course titles nor new syllabuses effect 
the improvements, however, for this always rests in 
the hands of the teachers. Since they are already too 
overloaded with lecturing duties it is to be hoped that 
the expansion of staff needed to implement the 
recommendations will be generous, otherwise men will 
not be attracted to the work, or will not remain when 





they discover the burden of the task, and reduced 
student wastage will be replaced by increased staff 
wastage. 

Industry is being asked to co-operate by extending 
part-time day release to many more young employees, 
in exchange for streamlining the courses to suit the 
needs of industry. This cannot be observed without 
some concern lest the wants areconfused with the needs, 
and lest industry appears to be more important than 
persons. The ultimate aim of education is to produce 
contented people happy in their chosen occupation 
and private life, and these are the people whom 
industry needs. If the new courses move in this 
direction, they should be worthy of the support of 
industry who must place confidence in the educa- 
tionists’ endeavours to balance the studies in keeping 
with the philosophical desire for completeness and 
quality of the end product, the person. 
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THE manutacture of armaments requires the use 
of a vast number and diversity of production 
processes. In the Engineering Production Groups of 
the Royal Ordnance Factories, although many pro- 
cesses are employed, the great majority are those 
commonly used in general production engineering. 
One process which is peculiar to armament produc- 
tion is the creating of the rifling. Rifling is the 
shallow helical grooving in the bore of fire arms 
which imparts rotation to the projectile, ensuring the 
steadiness in flight essential for accurate firing. 


An historical note may be of interest. The in- 
vention of rifling dates from the early 16th century 
and is said to have emanated from the School of 
Armourers at Nuremberg. It was some 60 years 
later, around 1580, that rifling became known in this 
country. Benjamin Robins (1707—1751) appears to 
have been the first scientific investigator in this 
country, and in his book “New Principles of Gun- 
nery”, 1742, he predicted “whatever State shall 
thoroughly comprehend the nature and advantages 
of rifled barrel pieces, and having facilitated and com- 











pleted their construction, shall introduce into their 
armies their general use, with a dexterity and man- 
agement of them, will by this means acquire a 
superiority which will almost equal anything that has 
been done at any time by the particular excellence 
of any one kind of arms”. Soon after this pronounce- 
ment, British Troops began to use “rifles” in the 
field. 


About 1776 Lt.-Col. Patrick Ferguson of the 71st 
Highlanders invented and made a_ breech-loading 
rifle which was successfully demonstrated at Wool- 
wich. The Enfield Rifle, first issued in 1855, was used 
in the Crimea and could, perhaps, be considered the 
forerunner of the modern rifle. 


In medium and large calibre weapons the quanti- 
ties demanded are relatively small, and rifling is 
achieved by the use of single or multiple tool heads 
or by broaching techniques. Small Arms are manu- 
factured in larger quantities and the forming of the 
rifling within a bore of about 0.300 in. dia. through- 
out a length of 60 to 70 calibres presents a more diffi- 
cult problem. The normal method of producing 
rifling is with a single point tool in a head which is 
pulled by a bar through the bore. Since there is a 
cutting stroke of around 24 in., it will be quite ob- 
vious that such an arrangement is far from robust 
and necessitates numerous passes of the tool for the 
complete formation of all the rifling grooves and 
entails, consequently, a lengthy operating time. Be- 
cause of these conditions extreme care has to be taken 
to ensure dimensional accuracy and to produce a 
surface finish of good quality. 


For many years it has been considered that sub- 
jecting the barrel to a forging or pressing process, 
obtaining the rifling by deformation instead of by 
cutting, would be an improved method and would 
allow the use of more robust equipment. Of no less 
importance than an improved manufacturing method 
would be the production of a consolidated planished 
internal surface to give much greater resistance to 
wear and corrosion. 


Experiments in cold swaging to form the rifling 
groove profile first began in the early days of the 





Fig. 1. Results of early experiments showing failure to 
produce sharp corners (20). 








last War. One of the first attempts was made by 
forcing, under a flypress, a contoured former through 
a short workpiece with an undersized bore. Although 
the expected improvement in surface finish was 
realised and the configuration generally obtained, it 
was not found possible to form the sharp corners of 
the groove profile. Another attempt, using a swaging 
machine having four hammers operating radially, 
whilst the workpiece passed through them horizon- 
tally along its axis, successfully produced carbine 
barrels to dimension, and with improved surface 
finish. Figs. 1 and 1A give an indication of the pro- 
files produced. 


The full length standard No. 4 rifle barrel with 
considerable variation in external profile, normally 
made from an upset forging, was produced using 
larger diameter stock to provide a steady change of 
external figure with the subsequent uneconomic and 
undesirable removal of the excess material. Normal 
manufacturing procedure is to bring the external 
dimensions closely to plan sizes before finishing the 
interior, as heavy external stock removal can cause 
dimensional changes in the bore. 


In 1957 an officer of the Royal Ordnance Factory 
Headquarters saw the G.F.M. Swaging machine at 
the Hanover Machine Tool Exhibition, and visualised 
its potentialities for the cold swaging of rifling. Fol- 
lowing discussion, some modifications to the machine 
were introduced, and trials carried out which were a 
big advance on earlier achievements and made 
swaged rifling appear an economical and practical 
proposition. A machine was purchased and delivered 
to R.S.A.F. Enfield in September 1959. Since instal- 
lation a manufacturing technique has been developed 
and inspection of components produced justify earlier 
optimism, although the stringent tests and critical 
examination now being carried out on a batch, will 
require to be completed and satisfactory before 
general production can be introduced. Therefore 
this Paper, although indicative of considerable pro- 
mise, must be regarded in the nature of an interim 
report. 





Fig. 1A. Results using G.F.M. machine (X20). 
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details of rifle barrel 


850° C., tempered 600° C. 


chemical analysis 
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The rifle barrel is shown in Fig. 2 and is manu- 


factured from a 1% chromium molybdenum alloy 
steel to specification EN.19A(T) and hardened at 





Percentage 
Minimum Maximum 
Carbon A ed 45 
Silicon 1 33 
Manganese = 8 
Chromium 9 i ea 
Molybdenum 2 So 
Sulphur .05 
Phosphorus .05 


mechanical tests 
Min. Ultimate Tensile Strength 55 tons/sq.inch 


Min. Proof Stress 41 tons/sq. inch 


Min. Elongation 18% 
Impact Izod 40 ft. /Ib. 
Hardness 241-311 Brinell 


The surface finish required for the internal surfaces 
are as follows : 


Chamber 
Plain Bore before Rifling 
Base of Rifling Grooves 


precision forging process 

The principle of this process is to squeeze the 
workpiece between a number of hammers having a 
predetermined stroke and position. The resultant 
cross-section of the forged workpiece depends upon 
the number and shape of hammers and the rotation 
of the workpiece. 


16 micro: inches 
32 micro: inches 
63 micro: inches 
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Fig. 2. 


The machine is a vertical forging machine Type 
No. 412082 (Fig. 3) manufactured by Gesellschaft 
fur Fertingungstechnik und Maschinenbau (G.F.M.) 
Co. of Steyr, Austria, and tooled to accept a profiled 
mandrel which is free to rotate independently of the 
rotation of the workpiece. The machine base con- 
tains the forging box, incorporating a set of four 
hammers each positively controlled and driven by 
individual flywheels and eccentrics, and the main 
operating gear box. Mounted on the base are two 
vertical columns supporting a crosshead containing 
the upper gear box which controls the vertical move- 
ment of a chucking head; mounted on the crosshead 
is a vertical hydraulic cylinder which correctly posi- 
tions and retracts the forging mandrel. The chucking 
head, guided by slideways on the vertical columns, 
holds the workpiece in the forging position, feeding 
downwards during the forging operation. 

An electric motor attached to the chucking head 
imparts movement to the work chuck and has a spring 
loaded mechanism in the drive to cater for the inter- 
ruption of motion caused by the forging action. A 
hydraulic cylinder, mounted below the base of the 
machine and axially aligned with the workpiece, con- 
trols the vertical movement of a conical guide bush 
which centralises the component beneath the forging 
hammers; this mechanism thus ensures that the com- 
ponent is supported on both sides of the forging 
hammers. 

The radial position of the hammers is varied 
hydraulically by a roller attached to the chucking 
head working on a vertically mounted cam which 
permits limited variation in external diameter such 
as tapering. 

The operation cycle commences with a _pre- 
machined component, shown in Fig. 4 being held in 
the chucking head by means of a collet. The bar 
carrying the profiled mandrel, which is free to rotate, 
is lowered through the component to the forging 
zone, level with the forging hammers (Figs. 5 and 6). 
The chucking head holding the component is fed 





Fig. 3. G.M.F. forging machine. 


downwards towards the forging box 
and simultaneously the component is 
rotated and the forging hammers 
commence to operate. The forging 
speed is variable and is controlled 
hydraulically. 

The component thus moves over 
the profiled mandrel between the 
hammers in a downward direction 
and is squeezed on to the mandrel which controls 
the internal contours to the dimensions required; 
during the operation the mandrel centres itself in the 
bore of the component and is guided by the rifling 
grooves already formed. As the component emerges 
from beneath the hammers it is centralised by the 
guide bush which retains its control throughout the 
length of the forging operation. 

At the end of the forging stroke the hydraulic 
circuit is reversed and the chucking head is auto- 
matically retracted to its starting position; the 
mandrel is withdrawn freeing the workpiece for re- 
moval. 


DIMENSIONS IN INCHES. 


Fig. 4. 


bi 
"314/316 BORE 








ESS 


machine data 


Number of hammers 

Maximum forging power 

Number of strokes per minute 
on each hammer 

Capacity 

Maximum variation in dia- 
meter of workpiece 

Floor space required 


Approximate weight 


15-78 
-0O2 


TAPER -O168 PER ON DIA 

















4 
118 tons 


610 
314 in. long x 
1.57 in. dia. 


.059 in. 
13 ft. 6 in. x 

10 ft. 6 in. 
9 tons 






1-26 DIA 
+ 





Fig. 5. Forging hammers and mandrel in working position. 


Fig. 6. Forging hammers and mandrel. 








production experience 


The workpiece prior to cold forging is a rough 
machined bar 17 inches long, drilled 0.315 in. dia- 
meter throughout its length (Fig. 4). From Fig. 7, 
which shows the barrel after the cold forging opera- 
tion, it will be seen that the length has been extended 
some 8 inches, whilst there has been a reduction of 
cross-sectional area of the material varying from 
64% at the muzzle end to 28% at the breech end. 

Some changes occur in the physical properties of 
the material as a result of the forging operation, the 
table below giving a typical example : 


Ultimate Stress Proof Stress 


Tensile Tensile Elongation Hardness 
Tons/Sq.inch. Tons/Sq.inch. % V.P.N 
Before forging 68 56 23 306 
After forging 74 64 21 317 


There is invariably an increase in hardness figure, 
sometimes as much as 25 points V.P.N. 

Longitudinal specimens were examined before and 
after hammering and micro-photographs (Figs. 8 and 
9) show that the strongly banded structure which is 
quite common with this type of steel has been broken 
down and replaced by a finer structure after the 
cold working operation. 

The forging mandrels are produced with a sur- 
face finish of 4 to 6 micro-inches, which results in a 
surface finish in the workpiece of 2 to 5 micro-inches. 
Bores are normally produced by a drilling operation 
followed by a fine boring operation, the surface 
finish of the former being 40-50 micro-inches and of 
the latter, 15-20. It is of interest to record that bar- 
rels hammered directly from the drilling operation 
have a better surface finish than those hammered 
from a fine bore. The phenomenon was unexpected 
and at the moment unexplained. 

A feature of deep hole drilling is the formation of 
drilling rings, no doubt caused by a momentary 
build-up of swarf on the cutting tool, which can be 
as deep as .001 in. After hammering, however, these 
rings can be seen to be extended along the surface of 
the bore, but their depth is not measurable and is 
completely eliminated by a light lapping operation. 

During the forging operation the barrel becomes 
hot, and even with a coolant supply of 6 gallons of 






Fig. 8. Structure before forging (<500). 
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Fig. 7. 
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Fig. 9. Structure after forging (><500). 
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water per minute the temperature rise on the inside 
of the barrel is 25° C. It has been observed also 
that after hammering the barrels are always strongly 
magnetised, having a common polarity irrespective 
of their previous magnetic polarity; it is presumed 
that this phenomenon is caused by hammering in the 
Earth’s magnetic field. It is essential that the barrel 
be demagnetised before further machining, since 
swarf from subsequent operations may foul the cut- 
ting tools and spoil the surface finish. 

During the early experiments a parallel mandrel 
was used and satisfactory components were produced. 
It was found, however, that a close tolerance was re- 
quired in the drilled hole to maintain the finished 
bore sizes. Experience shows that a tapered mandrel 
—shown in Fig. 10—will still give correct bore sizes, 
yet has the advantage that such a close tolerance in 
the drilled hole is not necessary; experimentally, 
holes up to .011 in. oversize have been hammered 
satisfactorily and it is considered that this amount 
can be exceeded. 

Mandrels have been manufactured from several 
steels to determine the most suitable for this pro- 
cess; these have included nitrided steel and high 
speed steels. Considerable difficulty has been met 
using high speed steel in producing the sharp corners 
because of the tendency of the grinding wheel to 
collapse. 

The most suitable steel found so far for these 
mandrels is a 2% carbon 12% chromium cold work- 
ing die steel, heat treated to a hardness of 800-900 
V.P.N. 

An anti-scuffing paste containing molydenum di- 
sulphide has proved a satisfactory lubricant. 


comparison of barrel production methods 


The customary method of producing a barrel of 
this type is by the hot upsetting of the breech end 
prior to turning, boring and rifling operations. When 
the swaging method is employed larger stock is used, 
as the change in section arises from the “drawing 
down” in the swaging operations. This takes rather 
less than 4 minutes to produce the rifling compared 
with 28 minutes needed in a conventional rifling 
machine. A 12 min. operation to bring the finished 
bore to size from the drilled hole is generally elimin- 
ated, for as previously explained, the hammering 
process can tolerate some variation in the size of the 
bore presented to it. A further advantage is that the 
blank for piercing (i.e. drilling from solid) is of stiffer 
section and only about 75% of the length of the 
normal workpiece. 

No life period has been determined as yet either 
for the mandrel or the hammers, but early estimates 
indicate that the costs per workpiece are unlikely to 
be much less than for the conventional tooling. Con- 
sideration has already been given to the reclamation 
of mandrels by deposition and when the swaging 
process is in full operation mandrels will be nroduced 
in quantity with specialised tooling. 


For the same output the capital cost of orthodox 
plant would be 50% greater than for the hammering 
process and the floor area required to accommodate 
it would be nearly three times as great. 

Whilst both methods produce barrels to the dimen- 
sional requirements the cold forged barrel bores 
would have an appreciably better surface finish. 


Standard method  Rifling groove 50-60 micro in. 
Land (original 20-30 micro in. 
bore) 


Hammered Land and groove 4-5 micro in. 


conclusions 


The whole of this Paper has been written around 
the production of rifled barrels, but one must not lose 
sight of the fact that the machine is designed for 
cold and hot forging of all types within the capacity 
of the machining and rifled barrels is only one ap- 
plication. 

Consideration is being given to the forming of 
stepped shafts where economy of material and im- 
provement of quality could be obtained. From our 
experience of barrel forging, outside dimensions ap- 
pear to be controllable to within + 0.001, so that 
such components could be finished forged and thus 
save subsequent machining. 

The present activities have been confined to pro- 
blems of rifled barrel production and in this connec- 
tion the possibilities of forming the barrel chamber by 
this means are being explored. The machining of the 
chamber with cutting tools calls for a high degree 
of production skill, since the dimensional tolerances 
and finish called for are of the highest standard; 
forming by cold swaging would appear to be the 
ideal method of maintaining consistently high quality. 

Until further firing trials have been completed it is 
possible only to forecast the probable results. It is 
reasonably certain that the corrosion-resistant proper- 
ties will be considerably improved and there will be 
some advantage from the point of view of resistance 
to wear. It may not be generally known that as a 
rifle barrel heats up under continuous fire conditions, 
the accuracy of shooting falls off. Early tests on 
swaged barrels indicate that they give a greatly im- 
proved performance. 

Some development and experience with this 
machine is still necessary to obtain maximum eff- 
ciency, but the potential is there and it may well be 
that much inferior bores than used for normal rifling 
can be hammered to an acceptable standard. The 
economics cannot be readily assessed, nor the dura- 
bility of the machine. It is probable, however, that 
ultimate costs will be less than by conventional 
methods. Furthermore, the operational field and the 
benefits to be obtained by this process have yet to 
be explored, but will no doubt lead to additional 
internal operations in the civil as well as the 
military field being processed by the hammer forging 
method. 
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“FIYUBE-IN-STRIP” is the name which has been 
given to a new product originally produced in 
the U.S.A. by the Revere Copper and Brass Company, 
and for which the Metals Division of 1.C.1. holds 
the British and Commonwealth manufacturing rights. 
The product comprises a sheet or strip of metal, 
generally copper or aluminium, which incorporates 
a number of parallel tubes integral with the sheet. 
“'Tube-in-Strip” is not made by welding or any 
other method of joining two sheets together — it 1s a 
homogeneous piece of metal composed of tubes con- 
nected by means of integral webs or fins. It can be 
produced in a wide variety of patterns with tubes 
varying from }in.-3in. or more in diameter and 
having a wall thickness generally in the range 
0.014 in. - 0.25 in. 

The position and size of the tubes to be formed 
in the sheet are determined when the slab of metal 
is cast prior to rolling. This is done by securely posi- 
tioning rods of an inert and refractory material in 
the mould so that they are wholly immersed in the 
molten metal when a slab is cast. The rods are 
left in the slab during strip rolling so that as the 
thickness of the slab is reduced the thickness of the 
rods is reduced correspondingly, so forming an 
effective parting agent which prevents the opposite 
faces of the metal pressure welding together. In all 
other respects, however, processing of ““Tube-in-Strip” 
follows closely on standard strip production techniques 
and the finished length of “'Tube-in-Strip” may be 
up to 500 ft. long containing a number of ribbon-like 
laminates each less than .001 in. thick. 


389 















Resist rods in casting mould before pouring. 





Fig. 2. Copper slab with resist rods ready for removal from 


mould. 





Finally, by the application of hydraulic pressure, 
the laminates are inflated to form tubes of circular 
or special shape as required. 


* production 


copper “ Tube-in-Strip ” 
casting 

The casting of deoxidised copper slabs containing 
inserts of resist material (Figs. 1, 2 and 3) is carried 
out broadly in accordance with standard production 
practice for the manufacture of copper strip. The slab 
thickness as cast is usually not less than 44 in. 


A water-cooled copper-faced mould is used, care 
being taken to ensure that the clearance between 
the sides of the mould and the inserts of resist material 
is adequate to enable the metal to flow in uniformly 
and without undue turbulence. This is achieved by 
using a runnerbox which distributes the metal uni- 
formly on either side of the inserts. A somewhat 
slower rate of pouring than that used for normal 
strip production gives best results. 


Jigs are used to separate and accurately position 
the inserts. The strips of insert material are relatively 
fragile, particularly when producing small diameter 
tubes, and great care has to be exercised in placing 
them in the jigs to obviate breakage. 


The insert or resist material must combine a 
number of physical properties if satisfactory lamina- 
tions are to be produced in a particular metal and 
the more important of these are :- 


1. it should not react with the metal used either 
in the cold state or when molten; 


2. the material must be capable of withstanding 
the considerable thermal shock to which it is 
subjected during the casting process; 


3. the inserts should possess good mechanical 
properties to ensure safe handling when mount- 
ing in the mould, particularly when producing 
smal] diameter tubes; 


4. after positioning and prior to casting, the inserts 
should be sufficiently rigid to remain vertical 
without bowing; 





Fig. 3. Section from cast slab showing inserts and section 
of finished “ Tube-in-Strip ”. 

















Fig. 4. Panel of “ Tube-in-Strip ” before inflation. 


5. the resist material should break up into homo- 
geneous powder on the application of pressure. 
This powder should spread itself uniformly as 
the metal is elongated during strip rolling. 


The material which has proved to be most satis- 
factory for casting copper “Tube-in-Strip” is 
graphite, although a wide range of resist materials 
such as strips of woven glass cloth and asbestos type 
products can be used. 


rolling practice 


The cast copper slabs are pre-heated to approxi- 
mately 880°C in a controlled atmosphere furnace 





Fig. 6. Inflation of length of ‘“ Tube-in-Strip ”. 
Note simple jig used during hydraulic inflation. 


Fig. 5. Simple set-up for the hydraulic 
inflation of “ Tube-in-Strip ”. 


and hot rolled on a two-high reversing mill, a typical 
finished size of strip being 33 ft. long X 25in. 
wide X 0.380 in. thick. Heavy drafts are used in the 
early passes to ensure rapid and complete breakdown 
of the insert material, care being taken to keep the 
slab square to the rolls at each pass. 

After cooling, the hot rolled stock is milled on both 
sides to remove scale and then cold-rolled on two- 
high strip mills to finished size. The coiled strip is 
then finally bright annealed. 

In the latter stages of rolling — at thicknesses of 
0.100 in. and less — it is possible to discern the tube 
pattern on the strip and this feature is particularly 
helpful when shearing and slitting the strip to size 
prior to inflation. 


inflation of tubes 


Each piece of “Tube-in-Strip” contains one or 
more continuous laminations running parallel to its 
length and these are inflated by hydraulic pressure to 





Fig. 7. Preparation of tube ends prior to inflation. 
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Fig. 9. Panel of “Tube-in-Strip” after hydraulic inflation. 
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form the integral tubes. Inflation causes the metal on 
each side of the centrally located lamination to 
separate and form an oval shape which eventually 
becomes circular at high pressures. It should be noted 
that in this forming operation the metal does not 
undergo any thinning due to stretching, and this 
enables tubes of uniform wall thickness to be pro- 
duced. The simple jig set up for inflating the “ ‘Tube- 
in-Strip ” is illustrated in Figs. 4, 5 and 6. 


As previously mentioned, the laminations along 
which the pressurised fluid is pumped can be visually 
detected by examining the surface of the sheet where 
they appear as faint parallel ribbons or bands. Fig. 7 
shows the ends of the laminations being opened by 
means of a sharp edged tool so that the inflator 
nozzle can be inserted. The design of inflator and its 
attendant fixing clamp is shown in Fig. 8. It com- 
prises a small probe or nozzle through which the 
fluid is injected into the “ Tube-in-Strip”’, the end 
of the tube around the probe being sealed by a 
rubber washer. In operation, the inflator is first 
attached securely in position to the “ Tube-in-Strip ” 
by screwing down the clamping jaws. The probe is 
then screwed forward until the sealing washer is in 
firm contact with the edge of the “ Tube-in-Strip ”, 
so forming a pressure-tight joint. Before inflating, it 
is necessary to seal the other end of the tube and 
this is done by means of a simple screw-down clamp. 


The pressure required to produce a tube of given 
dimensions in a particular material is first determined 
experimentally by carrying out preliminary trials. 
Subsequently, all tubes are inflated to this pressure 
and it has been found that a satisfactory measure 
of reproducibility can be achieved. The Table oppo- 
site gives the pressure requirements for making full 
round tubes within the range }in. to #in. in fully 
annealed copper “ Tube-in-Strip”. The respective 
bursting pressures are also included for comparison. 





Fig. 10. Cutting “ Tube-in-Strip ” to length. 

















Material — Fully Annealed Copper “ Tube-in-Strip ” 
Tube Size WebGauge Full Round Burst 


(in.) (in.) (p.s.t.) (p.s.1.) 
1 0.012 800 1300 

0.025 1200 2100 

0.045 2700 4500 

3 0.020 700 1400 

0.030 1200 2200 

4 0.020 600 1200 

0.040 1300 2000 

£ 0.020 400 800 

0.040 1100 1600 

3 0.040 850 1200 
1 0.040 750 1200 


After inflation the “ Tube-in-Strip ” sheet is finally 
cut to size and for this purpose a high speed circular 
saw is used (see Figs. 9, 10 and 11). 


aluminium “ Tube-in-Strip ” production 


The casting of aluminium slabs containing con- 
trolled laminates for the manufacture of “ Tube-in- 
Strip” closely follows normal aluminium casting 
practice, except for the steps taken to introduce the 
lengths of resist material. Semi-continuous casting 
techniques are used and arrangements are made for 
the resist material and molten metal to be fed simul- 
taneously into the pool of cast metal in the mould. 
The rods of resist are housed in a magazine which 
is accurately positioned above the mould to ensure 
the correct spacing of the laminates. Various 
materials have been used for the inserts, but experi- 
ence shows that one of the best is a specially prepared 
talc which can be extruded into rods of various 
cross section. 

The cast slabs are broken down to }in. thick 
strip by means of hot rolling—heavy drafts being used 
to ensure the complete breakdown of the insert 
material. Subsequently, the strip is cold rolled to 
finished gauge, using normal rolling and annealing 
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Fig. 11. Inflated length of “ Tube-in-Strip ”. 


procedures for the particular aluminium alloy being 
processed. 

Inflation is carried out in a similar manner to 
that employed for the inflation of copper “ Tube-in- 
Strip ”. 


single tube process 


A recently patented method of tube manufacture 
now under development in the U.S.A. is in some ways 
similar to the “ Tube-in-Strip ” process. Its principal 
concern is with the manufacture of long lengths of 
single tubes, and one of the main objectives is to 
exploit low-cost strip rolling methods as an alter- 
native to tube drawing for the manufacture of thin- 
walled tubing. 

The starting point is a relatively short piece of 
thick-walled tubing, the bore of which is coated with 
a “stop-weld”” or separating medium, e.g., graphite 
paste. The tube is then flattened by a rolling pass 
and strip rolling methods are employed to break 
down the material to finished size -—the thickness 











B an iS 


“ Tube-in-Strip ” end connections. 














Fig. 13. “ Tube-in-Strip” end connections. 


being equal to twice the wall thickness of the tube 
required. Blowing to final shape may be carried out 
by hydraulic pressure in a similar manner to that 
adopted for “ Tube-in-Strip ”. A mechanical method 
of re-forming the laminated strip into a tube has 
also been developed and this is particularly suitable 
when producing long continuous lengths. 

The tubing has diametrically opposed fins which 
are advantageous in some applications, for example, 
in the manufacture of heat exchangers, where they 
provide additional heat transfer surface. Furthermore, 
the additional rigidity which they impart can be a 
valuable factor in limiting tube deflection, e.g., the 
drain pipes of automobile radiators where vibration 
can be a problem. 

Where fins are not required the starting shape is 
modified, the original thick-walled tube being locally 
reduced in thickness, at diametrically opposite edges. 
The control of the amount of metal at the edges in 


394 





this way enables the height of fin produced to be 
kept to a minimum. 

The materials most commonly fabricated by this 
technique are copper, aluminium and their alloys. 


fabrication 
end connections 


In order to make use of “Tube-in-Strip” it is 
necessary to provide fluid-tight joints between the 
integral tubes in the “Tube-in-Strip” and the 
adjacent headers or pipes. The following types of end 
connection have been developed for this purpose :- 


1. The “ Tube-in-Strip” is cut away as shown 
in Fig. 12(a) before inflation and a U-shaped 
end soldered or brazed on to the end of the 
strip. The tubes are then inflated and an end 
connection formed of the shape shown in 
Fig. 12(b). This method of attachment is only 
possible with strip of narrow width because the 
“Tube-in-Strip ” reduces in width when it is 
inflated, whilst the width of the U-piece remains 
substantially the same. 


2. A slot is cut from one side of the strip to each 
strip of weld material at a point approximately 
2 in. from the end. The end of the uninflated 
“ Tube-in-Strip ” is bent and soldered to form 
a cylinder, the ends of which are closed by 
discs soldered into position. Water under 
pressure is then led to the cylinder through a 
tapped hole in one of the discs and the tubes 
inflated by the water entering the laminations 
via the slots. The final form of the header so 
produced is shown in Fig. 12(c). 





Fig. 14. ‘Tube-in-Strip ” end connections using standard pipe 
couplings. 











Fig. 15 (right). Principle of bending fixture for forming 
“ Tube-in-Strip ”. 


Fig. 16 (below). Diagrammatic layout of flat-plate solar 
energy absorber installed on verandah roof. 
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DIAGRAMMATIC LAYOUT OF FLAT-PLATE SOLAR ENERGY Fig. 17. A flat-plate solar energy absorber 
ABSORBER INSTALLED ON VERANDAH ROOF. utilising copper “ Tube-in-Strip” elements. 








395 

















3. The web is first cut away close to the tube, the 
ends of which are then formed using a com- 
bined male and female drift having a tapered 
circular section. This tool displaces the small 
diametrically opposed webs from the outside to 
the inside of the tube. The tube ends so formed 
are then forced into holes which have been 
punched into a header in such a manner as to 
leave a flange round the hole inside the header. 

Fig. 13 shows the “ Tube-in-Strip ” prepared 
for assembly and also as finally soldered or 
brazed in position in the header. 


4. A simple but effective means of jointing is to 
insert short pieces of copper tubing into the 
tube ends and solder or braze in position. The 
tube ends can now be readily connected by 
means of standard pipe couplings. Fig. 14 
shows a solar water heater element fabricated 
in this way. 


wo 


. The “ Tube-in-Strip ” web is cut away close 
to the integral tubes and the individual web 
flaps so formed are bent back at right-angles. 
The tube ends are now pushed into matching 
holes punched or drilled in a header pipe and 
the whole securely soldered or brazed together. 


coated material 


Copper and brass “ Tube-in-Strip ” may be coated 
with zinc and 70/30 zinc-tin solder, the dipping 
operation being carried out prior to inflation of the 
“Tube-in-Strip ”. Coatings of this sort are useful 
when continuous brazing or soldering processes are 
involved in further fabrication. The “ Tube-in-Strip ” 
sheets may also be clad with P.V.C. film by a 
patented process using appropriate adhesives. This 
procedure enables “ Tube-in-Strip ” panels possessing 
great inherent structural rigidity, to be attractively 
finished in a variety of colours and textures. 


bending 


A single “ Tube-in-Strip ” finned tube can be bent 
as readily as a plain tube of similar dimensions. The 
bend is preferably in a plane normal to that of the 
fins. When in the same place as the fins care must be 
taken to avoid undue thinning of the fins and sub- 
sequent buckling. When a number of tubes have to be 
bent at the same time the operation is carried out by 
using special formers (Fig. 15). 

An important advantage of “Tube-in-Strip” is 
that the tubes can be inflated after the flat sheet has 
first been bent into complex shapes. This procedure 
can lead to valuable cost savings when fabricating 
elements for heat exchangers, e.g., corrugated tube 
plates for liquid oxygen evaporators. 


inflation of tubes having special sections 


Short lengths of “‘Tube-in-Strip ” can be readily 
formed into tubes having special profiles, e.g., hex- 
agonal. This is done by inflating the tubes between 
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steel die plates having grooves machined to the 
required profile. 

There is no technical difficulty in shaping “ Tube- 
in-Strip” finned tubes in this manner but for long 
lengths the forces involved are quite large, necessitat- 
ing special equipment. 


typical applications 

Tables I and II (see page 400) provide a 
summary of the more important applications for 
which “ Tube-in-Strip” is being evaluated or used. 
It will be seen that these applications fall into two 
main categories — (a) those where the substitution of 
“Tube-in-Strip” for established wrought metal forms 
has to be justified on technical and economic grounds; 
and (b) those applications where a new or redesigned 
product is to be marketed and for which “ Tube-in- 
Strip” is particularly suitable. 

Experience has shown that the most promising uses 
for “Tube-in-Strip” are generally those associated 
with the manufacture of heat exchangers of all kinds. 
From a technical standpoint, it is evident that “ Tube- 
in-Strip”’ is best suited to those applications where 
heat transfer is a combination of radiation and 
natural convection such as domestic radiators. This 
is so because the external/internal ratio or area is 
somewhat limited if the height of fin is to be kept 
within reasonable proportions. Some of the more 
important applications in which “ Tube-in-Strip ” has 
made its mark will now be reviewed. 


solar heaters 


The heating of water by means of solar energy 
absorbers is a development which has come much to 
the fore in recent years. This method of heating 
water for domestic and industrial use is particularly 
effective for providing hot water up to about 140°F, 
and in consequence is being actively developed in 
many countries, especially those between 40° north 
and south of the Equator. In these areas the solar 
insulation is such that one square foot of heater 
surface is capable of producing as much as 2 gallons 
of hot water per day. This means that a 6 ft. X 4 ft. 
unit producing 50 gallons per day provides ample 
supplies for an average household. A typical solar 
water heater comprises copper “ Tube-in-Strip ” 
heater elements contained in what is very similar to 
a “cold frame”. The radiant energy passes through 
the glazing to heat the “ Tube-in-Strip ” panel whilst 
insulation at the back reduces heat losses. Although 
the glass reduces incident radiation by about 10%/,, it 
prevents re-radiation from the plate of energy in the 
infra-red region, thereby acting as a sort of radiation 
“non-return valve” which significantly increases 
collection efficiency. A diagrammatic arrangement of 
a solar water heater installation for domestic hot water 
supply is shown in Fig. 16, whilst Figs. 17 and 18 
show solar water heaters constructed from copper 
“ Tube-in-Strip ”. The use of solar water heaters for 
swimming pools is rapidly growing in popularity in 
view of the absence of heating costs. Two typical 
installations are illustrated in Figs. 19 and 20. 
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Fig. 18. Utilising copper “ Tube-in-Strip” — solar water 
heating installation at Valetta, Malta. 


Solar heaters utilising aluminium “ Tube-in-Strip ” 
have also been constructed for a prototype of a dryer 
for processing sisal fibre farmed in Kenya. The 
“Tube-in-Strip ” sheets are painted black and are 
fitted under the glass roof of the drying sheds where 
they are heated by the sun. By means of a forced 
draft fan air is circulated through the tubes, where 
it becomes heated and is then ducted to the drying 
cabinet. 


space heating 


Domestic radiators are an obvious application for 
copper “ Tube-in-Strip” (Fig. 21) where its com- 
bination of excellent heat transfer properties, good 
appearance and high corrosion resistance is 
particularly attractive. Fig. 28 illustrates a sill-line 
“Tube-in-Strip ” radiator which is flush-fitted and 
extends the whole width of the room. 





Fig. 20. Europe’s first solar energy heated outdoor swimming 
pool uses “ Tube-in-Strip ”. 
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Fig. 19. Enclosed swimming pool showing solar water heater 
installations at ground and eaves level. 
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An interesting application of aluminium “ Tube-in- 
Strip ” has been in the fabrication of electric skirting 
board heaters, of which a typical design is illustrated 
in Figs. 22 and 23. These units comprise lengths of 
aluminium “ Tube-in-Strip” in which the parallel 
tubes or slots are used to house the insulated electric 
heating elements. Aluminium “ Tube-in-Strip ” is also 
used for the manufacture of free-standing electric 
space heaters utilising a similar form of construction. 
Such units may be constructed from P.V.C. coated 
“Tube-in-Strip ”, thereby providing attractive colour- 
ing and texture. 


evaporators 


In Britain, the North Thames Gas Board has 
pioneered the use of liquid methane for use in town’s 
gas supplies and an evaporator has been constructed 
at Canvey Island which is capable of vaporising 
20,000,000 cubic feet of gas per day. This evaporator 
comprises four panels of aluminium alloy “ ‘Tube-in- 
Strip” each 20ft. long and }in. thick. Liquid 





Fig. 21. Radiator made from copper “ Tube-in-Strip ” 0.040 in. 


thick. (A. Benn & Sons Ltd., Leeds.) 


397 








Fig. 22. Skirting board heater in anodised aluminium made 
in “ Tube-in-Strip ”. (Thomas French & Co.) 


methane is circulated through the tubes whilst heat 
for the evaporation of the liquid methane is extracted 
from river water which cascades over the outer- 
surface of the panels. 


cooling screens and panels 


Copper “ Tube-in-Strip ” has been effectively used 
in the confectionery trade for the construction of 
cooling tunnels to improve the rapid “setting” of 
chocolates, icing, etc. The refrigerant is circulated 
through the tubes whilst the confectionery to be 
cooled is passed through the tunnel on a_ band 
conveyor. 

Not only has this type of equipment significantly 
increased throughput, but it has enabled production 
to be maintained during exceptionally hot summer 
weather which often necessitated the closing down of 
production lines. 

In the ceramic industry, the use of water-cooled 
panels of “ Tube-in-Strip ” (aluminium) for lining the 
cooling section of continuous kilns has led to shorter 
cycling time with consequent increase in output. 

In the operation of steel and glass furnaces and in 
casting shops and the like, the process personnel are 
often subject to high temperature thermal radiation. 
By the installation of water-cooled panels of copper 
“ Tube-in-Strip ”, a considerable degree of protection 
can be provided with consequent improvement in 
working conditions. 





Fig. 23. Anodised aluminium skirting board heater. (Thomas 
French & Sons Ltd.) 


heat exchangers 


Copper “ Tube-in-Strip” has been employed for 
a wide range of heat exchanger equipment such as 
evaporators and condensers, refrigerators, air condi- 
tioning equipment and heat pump installations. As 
has been mentioned, “ Tube-in-Strip ” is particularly 
suited to those applications where heat transfer is 
primarily by means of radiation but involves some 
convection. 

The use of aluminium “ Tube-in-Strip” for the 
cooling tubes of large oil-filled electric transformers 
is an application for which a large tonnage might 
be required. 

In the field of nuclear energy, aluminium “ Tube- 
in-Strip ” has been effectively used in the fabrication 
of heat exchangers for processing plants dealing with 
radioactive chemicals. Fig. 24 illustrates aluminium 
“'Tube-in-Strip ” finned tubes employed for the con- 
struction of large heat exchangers. A_ typical 
specialised unit incorporating large “‘ Tube-in-Strip ” 
tubes is shown in Fig. 25. 

As a result of the increasing shortage of industrial 
water. growing interest is being taken in air cooling 
techniques for the oil processing industries, chemical 
manufacture and electric power generating stations. 
In view of the corrosion problem, aluminium “ Tube- 
in-Strip ” plate type heat exchangers are likely to 
fufil the technical requirements and units of this 
type are being evaluated. 





Fig. 24. 3in. diameter X } in. thick finned 
fabricated from “ Tube-in-Strip ”. 

















Fig. 25. Large heat exchanger fabricated from 
“ Tube-in-Strip ” elements. 


Fig. 26 (right). Electronic equipment for sea- 

borne naval radar equipment with support 

and cooling members in copper “ Tube-in- 
Strip”. (McMichael Radio Ltd.) 


Fig. 27. “‘ Tube-in-Strip ” channels for cooling and supporting 
electronic radar equipment. Note end connections. 


Fig. 28. A sill-line flush-fitting radiator made from one length 
of “Tube-in-Strip ”. 








motor industry 

The use of “Tube-in-Strip” for vehicle cooling 
systems is receiving active attention since this appli- 
cation could provide a large tonnage outlet. Radiators 
have been constructed by leading manufacturers and 
are being rigorously tested under a wide variety of 
conditions. 


electronics 
The need for conserving space in many forms of 


TABLE | 


MATERIAL: DE-OXIDISED COPPER 
TYPICAL SPECIFICATIONS 
































electronic equipment, particularly for aircraft 
applications, has led to high heat loadings per unit 
volume with subsequent increases in working tempera- 
tures. Good use has been made of “ Tube-in-Strip ” 
to provide cooling by the circulation of cold water 
or refrigerant through the tubes whilst the electronic 
equipment is secured to the webs for support. Fig. 26 
shows two lengths of copper “ Tube-in-Strip ” 
supporting electronic equipment, whilst Fig. 27 
illustrates an alternative design of “ Tube-in-Strip ” 
supporting section. 
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Tubes Sheet 
Application 
Number Diam- Width — Thick- 
eter ness 
Panel and Skirting 7 tin. 24 in. 0.080 in. 
Board Heaters 
Beer Coolers 12 I} in. 22 in. 0.048 in. 
Domestic Radiators 5 $ in. 22 in. - 0.048 in. 
0.036 in. 
7 Zin. 22 in. 0.048 in. 
10 2 in. 23 in. 0.040 in. 
TABLE Il 
Cooling of Electric I Zin. 44 in. 0.072 in. 
Rectifiers MATERIAL: ALUMINIUM ALLOY 
TYPICAL SPECIFICATIONS 
Solar Energy Absorbers 6 tin. 24 in. 0.028 in. 
7 tin. 22in. 0.028 in. Tubes Sheet 
Application 
4 0.60 in. 22in. 0.028 in. Number Diam- Width  Thick- 
eter ness 
Water Calorifier 2 2 in. 16 in. 0.064 in. 
Electric Space Heater 2 din. Zin. 0.096 in. 
Skirting Board Heater 2 tin. I2fgin. 0.048 in. 
(Water) 4 } in. 18 in. 0.048 in. 
5 fin. 23hin. 0.028 in. : 
4 gin. 24in. 0.048 in. 
Electric Heater Ele- | Z in. 2% in. 0.080 in. 
ments for Baking Electric Skirting 3 lin.xfin. 7 in. 0.048 in. 
Ovens 4 gin. 4h in. 0.080 in. Board Heaters oval 
Electric Space Heaters l Zin. kin. 0.070 in. Space Heating—Steam 7 ¢in. I8in. 0.080 in. 
2 Z in. Sin. 0.080 in. Car Radiators 3 $ in. 2% in. 0.016 in. 
Radiant Cooling 5 ¢in.  24in. 0,080 in. 
Screens 
2 tin. 8% in. 0.080 in. 
Cooling of Electronic 2 Z in. Sin. | 0.064 in. 
Equipment 
| 2 in. 3$in. 0.125 in. 
Oil Cooler | ¢ in. +z in. 0.060 in. 
Vaporiser for Liquid 4 Z in. 44 in. 0.028 in. 
Oxygen 
Refrigerator Evapora- 7 Zin.  22in. 0.040 in. 
tors 
5 Zin. 232%in. 0.085 in. 
Car Radiators 3 din. 2yin. 0.010 in. 
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HOT EXTRUSION 





HE commercial development of steel extrusion 
has been made possible by the Ugine-Sejournet 
glass lubrication process, which the author’s com. 
pany operates under licence from Compagnie du 
Filage des Metaux et des Joints Curty (C. E. F. Ilac), 
Paris, the process being protected by patents in all 
industrial countries of the world. 
In this Paper it is intended to deal with the hot 
extrusion of steel as it is performed at the Low Moor 
Plant with some reference also to experiences gained 





* * 


After completing his education at Sunderland Junior 
and Senior Technical Colleges, Mr. Cox began his 
career as an Apprentice Naval Architect. 

On moving to Sheffield during the last War, he 
joined Mellowes & Co. Ltd., where he was employed 
on plastic mould design and zinc die casting, and in 
1947 he became Chief Draughtsman with Woodhead 
Components. He later joined the parent Company, 
Jonas Woodhead & Sons Ltd., in Leeds. 

In 1956 Mr. Cox became Works Manager of the 
extrusion plant at Low Moor Fine Steels Ltd. He has 
served on the B.I.S.R.A. Extrusion Committee since 
1957 and was recently elected to the Engineering 


Committee of The Iron and Steel Institute. 





* 


+> 
an 





by R. COX 


Works Manager, 


Low Moor Fine Steels Ltd. 


on titanium, zirconium and cobalt base alloys. In 
some respects the manipulation of these metals in the 
hot state raises similar problems with regard to 
lubrication, extrusion speed, tooling etc., as are found 
in cold extrusion. 


Both processes are also faced with the major 
problem of providing a product having both a satis- 
factory surface finish without further machining and 
manipulation, and a sound internal structure, at a 
price which industry can afford. Experience to date 
has shown that hot extrusion is expected to provide 
‘something better than can be obtained from the 
rolling mill, and that it would indeed be foolish from 
a cost point of view to undertake some of the 
sections now produced by re-rollers and jobbing 
mills. 


The field at present for hot extrusion is therefore 
confined to: 


(1) non-standard sections, especially relatively small 
quantities ; 

(2) sections which it is impossible to roll by reason 
of their shape, such as finned tubing ; 


(3) sections in material difficult or impossible to roll 
or forge, such as certain nickel base alloys, which 
can be extruded to produce reasonable yields, 
but which break up in rolling or forging ; 


(4) sections (particularly in stainless steel or other 
highly alloyed materials) where a quick delivery 
can offset a somewhat higher cost. 


Fig. 1 illustrates many sections in all four categories 


The principles of extrusion now being well known. 
it is not intended to deal with them at length in this 
Paper, but a brief description of the process as carried 
out by Low Moor Fine Steels will be given. Essen- 
tially the process entails the heating of suitably 
prepared round billets or ingots ; placing of the billet 
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inside the extrusion press container, and, by subse- 
quent pressure of the press ram movement of the 
billet through the die is effected. A layout of the 
plant is shown in Fig. 2. 


raw material and billet preparation 


There are four possible sources of material: cast ; 
continuously cast; rolled; forged. In assessing which 
of these to use it must be remembered that the overall 
reduction from ingot to extruded bar should be of 
a similar order applicable to other hot-working 
processes, if similar physical characteristics are 
required in the final product. 


cast material 


This would appear to be a cheap source of raw * 


material, but unfortunately it suffers from very 
severe drawbacks. Its use is limited in some cases by 
the necessity of catering for adequate reductions to 
break down the as-cast structure, and this is accen- 
tuated by the fact that the pressure required to 
extrude cast material is higher than for rolled or 
forged stock extruded through the same die. Round 
ingots cast by traditional methods are tapered and in 
the required diameters can only be cast in lengths 
suitable for the production of two short billets or one 
long one. On each ingot there is a top discard which 
reduces the yield obtained, although the head may 
be left on to form the extrusion discard, which would 
effect some improvement. 

An ingot surface is rarely suitable for extrusion 
into a finished bar or section. It is therefore desir- 
able to machine the ingots before extrusion, and this 
introduces further difficulties because of the short 
lengths and taper. Thus, machining tends to be 
excessive resulting in heavy metal losses and tool 
wear. 

Attempts have been made to overcome some of 
these difficulties by casting longer lengths in parallel- 
sided water-cooled moulds, but unfortunately these 
ingots frequently suffered from piping. However, 
successful extrusions have been carried out using cast 
18/4/1 H.S.S. billets and some details are given later. 


continuously cast material 


This is the most promising form of cast materia! 
for use in extrusion plants. It can be obtained in 
lengths that are suitable for mechanised turning 
operations. The length can also be adjusted to give 
exact multiples of the billet length required and so 
avoid wastage that occurs when conventionally cast 
material is used, and there is no loss due to discard. 
It has also been found that piping is virtually 
eliminated. 

Austenitic stainless steel, continuously cast by Low 
Moor Alloy Steelworks, has been successfully extruded 
into simple shapes but so far has not been used for 
routine production. The surfaces of the cast billets 
are not suitable for extruding without machining, but 
the greatest trouble is the difficulty of casting a 
perfectly round bar ; there is always some degree of 
ovality, which results in heavy machining losses. 

Examination of extrusions produced from con- 
tinuously cast rounds in austenitic steels showed that 
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although the surfaces were satisfactory, the cast 
structure had been produced as a “ ghost” in the 
extruded bar. Extensive tests proved that the 
“ghost” structure did not affect the mechanical 
properties, which were equal to those of the rolled 
product. 

Typical mechanical results on 18-8 stainless steel 
extruded bars were as follows: 


A B C 
Max. stress tons/in? 41-80 40-0 46°8 
Elongation, % 50 47 45 
Izod, ft-lb. 118 110 100 
Brinell hardness 175 172 179 


rolled billet 


This is probably the best form of extrusion stock. 
Billets can be obtained in long straight lengths rolled 
to a fairly close tolerance. In carbon and low alloy 
steels this surface is sometimes good enough for 
extrusion after a descaling operation, but in most 
cases machining is necessary. 


forged billet 


In alloy steels this appears to have some advan- 
tages over rolled billet. There is less centre looseness 
and better-surfaced extrusions are obtained, but a 
hammered surface is never satisfactory for extrusion 
and all billets must be turned. The turning losses are 
higher than those on rolled billets owing to the 
inability of forges to hold close tolerances on billets 
of the size and weight required for extrusion stock. 


structure 


All steels must be fully killed and of a reasonable 
standard of microcleanness, as subcutaneous defects 
and inclusions tend to cause tearing during extrusion. 
Billets with slight pipe or centre looseness are some- 
times acceptable for the production of hollow 
sections, as these are bored before extrusion, but such 
billets cannot be used for solid sections as they are 
liable to cause internal defects and a variation in 
size throughout the length of an extrusion. 

A marked dendritic structure is not to be 
recommended as it will be reproduced as a “ ghost” 
structure in the extruded bars. 

A duplex or eutectic structure, especially that with 
a continuous film around the grain boundaries, is 
best avoided as the bar may tear owing to hot- 
shortness. 


analysis 


Carbon and low alloy steels can be extruded without 
the necessity of having closely controlled analyses, 
the only proviso being that the steels should be fully 
killed. High alloy steels of the martensitic stainless 
types do not give any trouble due to variations in the 
composition of the steel. 

Austenitic stainless steels, however, must have a 
very carefully controlled analysis, and a low ferrite 
content is recommended. This has led to Low Moor 
Fine Steels having to use limited analyses within the 














British Standard Specifications for En58 and some- 
times having to work to special analysis, to minimise 
the ferrite content of the steel. 

For example, satisfactory results can be obtained 
from analyses of the following type, but unforiunately 
these are outside the normal range for EN58B and 
En58J respectively, although they are in line with the 
current US specifications for wrought materials. 


18-8 titanium-stabilised 
es Mn Si Ni Cr Ti 


0:08 max. 1-5-2°0 0-4-0-6 11-12 17-17-75 5xcarbon 
18-8 Mo 

Cc Mn Si Ni Cr Mo 
0-08 max. 1-5-2:0 04-06 13-14 17-17-75 2:2-2:7 


This would indicate the need for new British 
Standards to cover the process of steel extrusion and 
the steels used. 


billet heating 


types 

There are several forms of heating available to the 
extrusion plant, each having its own advantages and 
disadvantages. In all, the prime consideration is 
heating the billet material to the desired temperature 
without the formation of scale. 

This has been done with varying degrees of success, 
by gas furnaces with controlled atmosphere, salt bath, 
Balestra glass furnace and induction heating. 
Originally the plant at Low Moor consisted of a gas 
furnace for preheating the billets, with a salt bath 
for the final soak and bringing to temperature. It 
was decided however to intall Loewy-Magnethermic 
50 cycle induction heaters and in November 1957 the 
first billets were heated and extruded. At that time 
it was the only steel extrusion plant in Europe to be 
thus equipped on a production basis. 

Before the decision was made to employ induction 
heating various points were borne in mind. Firstly 
the probable future order position was considered, to 
enable some idea of the possible loading to be 
assessed. Secondly, it had to be ascertained whether 
the plant would need to concentrate on stainless steels, 
carbon and low alloy steels, tool steels, or a mixture 
of all three. The type of production will greatly 
influence the mode of heating to be employed, 
because of the danger of scaling on the carbon and 
low alloy steels, and decarburisation on tool steels. 
Additionally the heating medium must be general to 
the number of extrusions per hour attainable by the 
press. 

All these problems were discussed at Low Moor 
during the latter half of 1956, when it was realised 
that the salt bath was a very wasteful and unsatis- 
factory form of heating for our purpose. Apart from 
high maintenance costs there was a great loss of heat 
to the rest of the building and a large salt loss carried 
over to the press. Ultimately it was decided that 
low-frequency induction heaters should be installed, 
because it was felt that during the development period 
of the extrusion process the load would inevitably 


be of an intermittent and varying character, and 
under these conditions gas and salt furnaces are not 
very economical units to run. Although the initial 
cost of induction heating was higher than for a gas 
furnace of similar capacity, taking the long-term 
view, the savings in running costs would, to some 
extent, offset this, since the heater can be switched off 
immediately the billet is ejected, no current being 
consumed in down-time. 

The choice of induction heating was further 
influenced by the fact that a large proportion of the 
working load was for carbon, low-alloy, and tool 
steels. Faced with this position it was obvious that 
steps should be taken to minimise oxidation during 
heating. 

Induction heating coils were consideerd to be the 
best means of obtaining scale-free billets (a) because 
the heating cycle is short compared with other forms 
of heating, so that scale formation is kept to a 
minimum ; and (b) because heating can be carried 
out in an inert atmosphere. 


scaling 


The effects of scale on tooling are already well 
known in all types of steel forging and rolling opera- 
tions. It is sufficient to say that considerable die 
wear can result from a scaled billet, and container 
life is reduced by the cumulative effect. Scale, 
extruded through the die, will cause serious defects 
in the extruded bar, and it is therefore worth taking 
special precautions to overcome this. 

Scale formation can be prevented by providing an 
inert atmosphere in the coil. 

We have found that if any scale is allowed to form 
on the billets in the coils, the readings from the 
radiation pyrometer are affected. To overcome any 
danger of overheating due to inaccurate temperature 
indications, a kWh meter has been incorporated in 
the heating circuit. This meter can be set so that any 
number of kWh can be put into a billet ; when the 
billet weight is known it is a fairly easy matter to 
determine the heating time required to bring it up to 
temperature. 


heating characteristics 


One of the lessons that has been learned is the 
necessity to transfer the hot billet quickly from the 
coil to the container. It frequently happens that a 
particular extrusion requires the press to be used at 
its maximum specific pressure, and in these circum- 
stances any undue loss of heat by the billet, resulting 
from excessive handling time, will prevent satisfactory 
extrusion. In order that some idea may be formed 
of the loss of heat from a billet, various tests were 
carried out with the result shown in Fig. 3. 

Possibly no other aspect of steel extrusion has 
received as much attention as the homogeneous 
heating of the billets. Heating in a salt bath was 
considered as giving thorough soaking and a homo- 
geneous temperature. Owing to the unavoidably 
excessive handling times from salt bath to press, 
temperature differences of the order of 100°C. have 
been recorded, which is an undesirable condition for 
the extrusion of steel. 


403 





Fig. 1. 


Photograph 


of sections. 





Fig. 2. 








Plant layout. 




















To illustrate the type of temperature gradient 
desired for hollow sections a typical curve is shown 
in Fig. 4. This relates to the heating in an induction 
coil of a hollow mild-steel billet, destined for the 
production of an eight-finned tube. Thermocouples 
were placed at equal intervals from the outside of the 
billet to the core, and the temperature as indicated by 
the surface measurements, was raised to 1180°C. as 
quickly as possible. The temperature gradient 
indicated by the curve is considered to be about ideal 
and experience has shown that if there is any cycling, 
however short, at the final temperature, the tempera- 
ture gradient thus reduced invariably results in 
inferior extrusions. 


In certain cases, when dealing with special 
austenitic stainless steels, a special form of heating 
has been developed. For instance, we can quote 
examples where extrusions of large cross-sectional 
area in 18-8-Nb and 18-8—Mo steels were required 
to be produced from billets of maximum length in 
the largest container. The final temperature for 
extrusion of these steels was 1275°C. but, as the 
sections were at the top limit capable of being dealt 
with by the press, necessitating the highest specific 
pressure available, it was necessary to ensure that the 
temperature gradient of the billet was not too great. 
This was achieved by cycling the billets at 1175°C. 
before raising to the extrusion temperature. In this 
case a cycling temperature of 1175°C. was chosen, 
not only to ensure a suitable temperature gradient 
within the billet before extrusion, but also to avoid 
the formation of any delta ferrite, which tends to be 
produced upon soaking at temperatures in excess of 
1200°C., since duplex structure of austenite and delta 
ferrite is known to be detrimental to hot-working. We 
have since standardised on this procedure for work 
of this type with satisfactory results. 


No trouble has been experienced in the rapid 
induction heating of tool steels; 54 in. dia. billets 
of 18% W high speed, 6-5-2 high speed, and 5% 
Cr—Mo tool steels have been heated to extrusion 
temperatures in 8 min. Only very obvious precau- 
tions have to be taken. The billets must be preheated 
to 150—200°C, to avoid the initial shock and then it 
is preferable to cycle for a few seconds at about 
600°C. to equalise the gradient in the billet before 
taking it up to final temperature. 


Three heating cycles are shown in Fig. 5 from 
which it will be seen that heating times are extremely 
rapid compared with conventional heating. In each 
example the type of material and size of billet is 
quoted, as well as the number of kWh per billet. 


extrusion 


Lubrication. In hot extrusion there are many vari- 
ables, not least of which is the lubrication of the 
billet. 


The glass lubrication process involves many 
features which cannot be disclosed under the terms 
of our Licence Agreement with C.E.F.I.L.A.C. 
References on the subject may be found in articles 
already published by Messrs. Sejournet; we cannot 
say more in this Paper. 


tooling 


Because from a cost point of view, long extrusions 
are desirable, it is necessary for the tooling used to 
be of the highest calibre. This is particularly true 
for the die which has to withstand severe thermal 
shock and abrasion whilst under fairly high 
compression. 

One of the problems associated with the hot 
extrusion process is providing a die material that wil! 
enable an economical number of extrusions to be 
obtained. Various types of material have been tried, 
the one giving most consistent results being the 9% 
W type. In the search for improved materials we 
have recently developed a 44% W-Cr—Co-—V steel 
which is giving encouraging results at a hardness of 
56 Rockwell C. At the present time, both materials 
are being used for the longer production runs. 

The extrusion die designers have a vast range of 
hot die steels from which to choose, but the field can 
be narrowed by reviewing some of the requirements 
that govern any choice. 


Cost. The initial cost of a die blank does not appear 
to be large when compared with other items in the 
process. However, when large numbers are manu- 
factured every year, a saving of £1 per die can con- 
siderably affect the running expenses of the tool 
room. The factor most influencing the die material 
to be used is the size of the order. Quite often it is 
possible to use a cheaper die steel of the 5% Cr—-Mo 
type, particularly where the section is not of a 
difficult nature. 


Machinability. The material chosen should preferably 
be available in the condition which permits easy 
machining by conventional means. A certain amount 
of work is being done with Nimonic dies, but great 
difficulties have been encountered in machining the 
required profiles. It is possible, of course, to use 
spark erosion for forming such die blanks, but the 
economics of this method have to be carefully 
assessed ; the cost of the necessary electrodes for 
some of the sections extruded would be more than 
the cost of several dies made by normal methods. 


Hardenability. A steel must be chosen that will give 
the necessary degree of hardness and retain sufficient 
toughness to withstand the stresses during extrusion. 


Heat checking. Any material that is considered for 
dies must be able to resist cracking due to thermal 
fatigue, as all dies are subject to cyclic heating and 
cooling. When only a few are in use it may be 
necessary to cool them so that they can be used at 
frequent intervals. 


Hot strength and wear resistance. It is essential that 
all die materials should have adequate hot strength 
so that no wash occurs during extrusion. 


Typical analyses of die steels used 

Cc Si Cr Mo W Va Co 
9% W 0-30 0-30 3-25 — 90 O25 — 
5% Cr-Mo—-W 035 100 50 165 1:55 025 — 
44% W-Cr-Co-V 0:40 — 
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Fig. 3. Heat loss from billet. 
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Fig. 4. Heating curve eight-finned billet. 


































































































































































































EN.32A. 6 in. dia. billet. 


Fig. 5. Three typical heating cycles. 














Die wear is the greatest factor influencing 
tolerances on the finished product, especially when 
90% or more of production is sold in the “as- 
extruded ” condition. The desirability of having a 
die material that can do for steel extrusion what 
tungsten carbides have done for the cold drawing 
industry can be appreciated. Unfortunately there 
seems to be some reluctance on the part of the 
tungsten carbide manufacturers to undertake work 
in the field, especially for the difficult sections for 
which the need is more desperate. For instance, on 
the two sections shown in Fig. 6, only by judicious 
welding repairs was it possible to obtain an econo- 
mical number of extrusions. It is desirable that 
improvements be made to the die material in order 
to withstand wash better at the sharp re-entrant 
portions. 

As a direct contrast, the eight-finned tube die 
gave better results, many of the dies in the batch 
executing over 100 extrusions. 

The sections in Fig. 6 were made on the 45/16 in. 
container, where the specific pressure is 57 tons/in* 
On the other hand, the eight-finned tube was pro- 
duced on the 64 in. container, where the specific 
pressure is 36 tons/in*. Comparing these figures with 
the average number of extrusions per die on each 
container for all orders taken over a 12-month period, 
it was found that on the smaller container the average 
number per die was about one-third of that obtained 
on the large container. The sections extruded from 
the 4:5/16 in. container are usually very small with 
high extrusion ratios, and it is known that dies for 
this type of section suffer unduly from wash and 
subsequent loss of dimensions, due mainly to the 
higher specific pressure. Although this is considered 
to be the main reason, complexity of the section 
may also have some bearing. 


Die Production. Two main lines have been pursued 
in order to minimise what could become an intoler- 
able position with regard to die cost. These are the 
use of shell moulded dies and repairs to dies by 
welding. 

In the case of shell moulded dies, it is not 
economical in the ordinary way to prepare patterns 
and cast dies for the small-quantity jobs where only 
two or three dies are required, and it is not always 
feasible to assess the possibility of repeat orders for 
the same section ; if it were so the chance would be 
taken and extra dies cast. Moreover, the customer 
often requires some modifications to the prototype 
section. For these reasons, therefore, it has been 
considered desirable that orders calling for small 
numbers of dies should be tooled up from forged 
blanks. For large orders requiring considerable 
numbers of dies the use of shell-moulded dies in 
standard 9% W steel is fully justified, and our 
experience has shown that these dies are equal in 
performance to those prepared from forged blanks. 

The practice of repairing dies has grown and is 
now firmly established in most extrusion plants 
since this can prolong the useful life of a die. 


Mandrels. Quite a large proportion of current pro- 
duction is in the form of hollow sections, requiring 
the use of a mandrel. 











A typical assembly of mandrel, mandrel holder, 
and hollow stem is shown in Fig. 7, this being the 
original design supplied with the press. This design 
of mandrel proved to be expensive because of the 
various diameters required and because for each 
mandrel size a series of pressure discs was required. 
To simplify the process a mandrel adaptor was made 
which screwed into the mandrel holder. This in turn 
was bored out and threaded to take any size of 
mandrel required. 

For the normal type of hollow extrusion, where 
no particular difficulties appear, the mandrel is made 
from 5% Cr—Mo-—W steel, but for small diameters 
it has been found desirable to use a higher quality 
steel such as 6-5-2 high-speed steel or 9% W steel, 
because of the higher working temperature. 

One of the major reasons for choosing 5% 
Cr—-Mo-W steel was the necessity for cooling the 
mandrel by water spray between extrusions. The 
temperature may be 400—500°C. and it is necessary 
to cool down to 100—-200°C. Modern presses are now 
being fitted with automatic cooling devices for the 
mandrel. 

The higher tungsten qualities are not suitable for 
water cooling after extrusion and so air-cooling has 
to be adopted, which results in inconvenient delays 

During the course of producing the different types 
of mandrels, various heat-treatments have been con- 
sidered and tried. The useful life of a mandrel can 
usually be gauged from a consideration of its task, 
taking into account the diameter of the mandrel, its 
length, the material being extruded, and the 
temperature of the billet. 


Dimensional Stability. Factors most affecting the 
dimensions of the extruded product will now be 
considered. 


Extrusion Temperature. This is determined by the 
plasticity required to push the steel through the die. 
Having established the required temperature, it is 
possible to determine the contraction that will take 
place, and in the case of mild and carbon steel, 
allowance must also be made for a small scaling loss. 


Shape of Section. Those sections that have very thin 
projections away from the main mass require special 
treatment regarding contraction allowances, and the 
template shape used for die making and checking of 
the die during extrusion usually bears no propor- 
tionate similarity to the finished contour. 

In most cases of this type, greater contraction 
allowances must be assumed because differences in 
shrinkage are a function of the complexity of the 
section and are influenced by the ratio Principal 
Mass/Mass of Projection. With simple shapes it is 
possible to maintain a general tolerance of 0-030 in., 
but in the case of finned sections a tolerance of + 
0-040 in. would be more appropriate. 

Balanced flow of metal from all parts of the die 
perimeter is necessary, particularly in non-symmetri- 
cal sections having varying web thicknesses. The die 
design must, wherever possible, accommodate the 
varying frictional values encountered across the die 
face, perhaps restricting material flow at one point, 


407 














to compensate for a narrow web on the opposite side 
of the centroid. 

Further complications arise as a result of local 
changes in the die aperture during an extrusion. 
These changes are brought about by either a build 
up of lubricant ; a movement of the surface skin of 
the die into the die aperture, or both. In either case 
die geometry is affected, resulting usually in badly 
twisted sections of incorrect shape and dimension. 


Material. Apart from the fairly obvious point made 
earlier regarding billet temperature affecting the 
contraction of a section, the various types of steel 
being extruded affect die sizes in other ways. As the 
resistance to deformation increases there is a rise in 
specific pressure at the beginning of the extrusion, 
which is usually an indication that the thickness of 
glass will be greater on the first foot or so of bar, thus 
reducing dimensions locally. 

Another important feature relating to the type of 
steel is that as resistance to deformation increases and 
it becomes harder to work, it follows that there is a 
greater overall die wear, which considerably upsets 
the desired contours. 


Extrusion Speed. It is desirable to extrude. at as high 
an extrusion speed as possible. Results on sections 
extruded at high speed indicated that the overall 
dimensions did not vary more than 0-015 in. from 
leading end to discard end of the bars. However, 
when low extrusion speeds are encountered, as often 
happens when the press is being taxed to its limit, 
there can be quite a large variation in dimensions. 


Extrusion Ratio. The main effect of extrusion ratio 
is to dictate the specific pressure required for any 
particular extrusion. High ratios, requiring high 
specific pressure, will naturally occasion greater die 
wear than medium or low ratios. If it is found that 
the wear on any die is too critical, the job can some- 
times be extruded satisfactorily on a_ smaller 
container. 

Another feature of high extrusion ratios as 
affecting the product dimensions is that the thickness 
of glass along the extruded bar is generally greater 
than on a bar extruded at a lower ratio, but the 
difference is usually insignificant and can be 
accommodated in the general tolerance. 


Die Temperature. Dies are initially preheated to 
about 200°C. In service they can reach local 
temperatures in excess of 600°C. and they are air- 
cooled to about 200°C. before re-using. 

It is important, if close tolerances are the first 
objective, to limit the temperatures attained by the 
die in service. This is influenced by other factors, 
not least of which is the number of dies it has been 
economically possible to make for any one section. 
The number of dies available determines the interval 
of time between each full cycle. If there are few dies 
the cooling time is short and overheating is the usual 
result, particularly of re-entrant features of the die 
profile. It is noted that owing to the outer portions 
of the die being comparatively cold, almost all the 
expansion takes place towards the centre and the 
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aperture thus becomes smaller than is desired. This 
effect taken alone is not necessarily objectionable, but 
can become undesirable in conjunction with a higher 
billet temperature. 

One of the most serious effects of overheating of 
the dies is the possibility of “ wash” on re-entrant 
features of the aperture. As this occurs during an 
extrusion there is nothing that can be done until the 
die is taken out for cleaning. It is a simple matter to 
grind and file to shape again, but eventually, with 
the increase in aperture, the die will need correcting 
by welding. 


some typical extrusions 


The following examples serve to illustrate the 
versatility of the hot extrusion process, and indicate 
the wide range of materials which can be manipulated 
successfully. 


High Speed Steel. There has always been immense 
interest to discover to what extent cast round billet 
of 18/4/1 H.S.S. could be extruded to give a sound 
acceptable structure comparable with the forged 
product. For this work a number of round billets 
were cast, the slight taper being removed by turning. 
Billets 12}in.- 15 in. long have been extruded to 
¢ in. sq. bar with 1/32 in. corner radii. Different types 
of die design have been used, with the same glass 
being employed for each extrusion. 

Experimental work of this nature is incomplete 
without information regarding the ram pressures and 
speeds during extrusion right from the initial 
upsetting of the billet. To obtain this graphical 
picture Messrs. Loewy have developed various tech- 
niques, which, on the modern presses now being built, 
can be incorporated as original equipment. On the 
press in question, however, a portable set-up is 
improvised, by means of pressure transducers fitted 
into the main and piercer cylinders, the record 
obtained being used in conjunction with the ram 
cross-sectional area to obtain the load exerted on the 
stem. 

It is necessary therefore to use a multi-channel 
recorder and an amplifier when the signal is not of 
sufficient strength. The recorder used for the present 
observations employs a light sensitive emulsion, the 
trace being obtained by the action of ultra-violet light. 

The advantages of this type of recorder are: 


(1) The traces are synchronised on a common time 
basis. 


(2) The traces are visible in approximately 3 minutes 
and will remain thus for 2 or 3 days without 
further treatment. 


Extruding long lengths of difficult materials, in 
this case cast High Speed Steel, is only possible on a 
commercial basis, if the time of contact between billet 
and tooling is reasonably short. 

Corner tearing observed on some extrusions can 
be attributed to: 


(1) too high an extrusion temperature ; 
(2) breakdown in lubrication ; 
(3) too fast an extrusion speed. 
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An important feature was the temperature rise 
during extrusion due to friction and the high 
extrusion ratio. Reformation of carbide eutectics 
near the corners of the bars which had torn confirmed 
that temperature build up during extrusion had been 
the cause of this defect. By the use of special dies 
and regulated ram speeds it is considered possible to 
use high extrusion ratios on this type of material 
without the occurrence of this trouble. 

Samples of the annealed bars were submitted for 
micro-examination, transverse sections being pre- 
pared. The maximum decarburisation -005 (partial) 
aside and both central segregation and carbide 
network ratings fell within acceptable limits. 

The results obtained are worthy of further investi- 
gation, particularly so as these experiments are 
designed further to increase the use of cast raw 
material as a means of reducing the overall cost of 
the process. In the case of 18/4/1 High Speed Steel 
it has been shown that providing the cast ingot has a 
normal carbide structure, the extrusion press can 
produce in one operation good quality bar in such a 
manner as to reduce decarburisation to a minimum. 
To do this, however, high ex ratios will be essential, 
giving reductions of up to 98% in one operation 
(29:1 ex ratio on the billets extruded gives 96:5% 
reduction), and the heating medium for the billet must 
be of a non-scaling type. 


titanium and zirconium 


Perhaps it is with the exotic metals that hot 
extrusion will become the more favoured method of 
manipulation. Certainly titanium, which created 
many difficulties in forming during its early life, and 
as a result lost much favour, is now being 
manipulated more easily. Titanium and zirconium 
billets heated by induction and subsequently extru- 
ded, provide perfectly clean surfaces without con- 
tamination, and it is this latter point which is so 
important in the manipulation of these metals. 

Being influenced by the desire to reduce specific 
pressure, dished dies were prepared in addition to the 
standard flat faced dies, for experimental hollow 
extrusions. The billets available were mainly 7 in. 
long which was later considered to be too short, a 
number of billets being extruded in pairs. Extrusions 
were carried out using glass and graphite and grease. 
In this particular series of extrusions, and others 
carried out since, graphite and grease type lubricants 
gave superior surface finish and longer extrusions. 
Titanium and zirconium billets 17 in. long x 4:3/16 
in. have been successfully extruded into tube 1-535 in. 
x 15 in. wall thickness. 

The main problem to be overcome is that of 
choosing a glass which will soften and move through 
the die in the short time of extrusion. It was noted 
from the pressure curves that some extrusion times 
are just slightly under 1 second, making it necessary 
to develop new glasses which will soften quickly and 
produce the desired viscosity at the temperature 
range 725-—750°C., enabling much longer lengths to 
be obtained, suitable for structural sections in the 
aircraft industry. 

At this stage not much work has been attempted 
with die materials for titanium and zirconium 





extrusion—all the tests tabulated were carried out 
with 5% chromium dies hardened to Rockwell 46C. 
An attempt will be made however to discover a more 
satisfactory material which will increase the number 
of extrusions per die. It is interesting to note that 
the use of dished dies did not have the desired effect 
as far as extruded surface finish was concerned. 
Dished dies, whilst reducing the pressure required for 
extrusions, caused longitudinal marking on the rear 
portion of the tube shells. 


cobalt base alloy 


As with the nickel base alloys now being success- 
fully extruded into engine ring shapes and other 
sections, extruded cobalt base alloys are now being 
sought, to solve some of the problems of the jet 
engine. The short series of extrusions to be described 
were carried out on billets of Haynes Cobalt Base 
Alloy No. 25 and prepared from forged bar. 


Analysis of Haynes Cobalt Base Alloy No. 25. 
Co Ni Fe Cr W C others 
Bal 10 >3 20 15 10 3 


When extruding the tougher materials it is often 
helpful to start with well prepared billets, and for 
this purpose the black bar 5 ft. 5 in. long was 
machined in a centre lathe, using an Osborn RWS5 
carbide tipped tool. Various tool angles were tried, 
the shape giving the most satisfactory result being 
shown in Fig. 13. The other machining details are as 
follows : 


(A) 1. Roughing depth of cut—-093 


2. é cutting speed—30 ft./min. 

a os feed — ‘O11 in./rev. 
(B) 1. Finishing depth of cut—-008 in. 

pa * cutting speed—221 ft./min. 

3 ~ feed —-0085 in./rev. 


From the little knowledge available regarding 
experiences elsewhere with this material we were 
aware of a lack of specific pressure available on the 
press. Using the 5-5/16in. container giving a specific 
pressure of 52 tons/sq. in., it was known that the 
billet temperature chosen would need to be as high 
as possible to enable the higher ex ratios to be 
negotiated. As sticker billets in the container are of 
no use for experimental purposes a starting tempera- 
ture above 1200°C. was chosen. This was increased 
for later extrusions. Standard flat faced dies were 
used throughout. 


The billets were heated by mains frequency induc- 
tion heating up to the final temperature in the 
shortest possible time without any special precautions 
being taken. On emerging from the coil the billet 
surface appeared extremely clean and free from scale 
—the absence of scale in the extruded bars was also 
very noticeable. These scale-free properties are of 
course a feature of this material, and, as it is 
associated with good heat resisting and stress rupture 
properties at elevated temperatures, this alloy has a 
valuable contribution to make in this field. 
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Fig. 6. Drawing of small section of 4;% in. container. 
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Fig. 7. Mandrel and mandrel holder. 
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. Heating cycle for cast 18/4/1 HSS. steel billet. 
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Fig. 9. Typical pressure 
curve for cast 18/4/1 
H.S.S. steel billet. 





On examination the first extrusion showed corner 
tearing towards the rear due, it was thought, to the 
temperature gradient from front to back of billet. 
To overcome this the coil was lengthened very 
slightly for the second billet, which had the effect of 
increasing the temperature at the back end of the 
billet. On extrusion this proved satisfactory, billet 
No. 2 producing a perfect bar. Billet No. 3 was in- 
creased in temperature to 1270°C. because of the 
higher extrusion ratio. This increase, however, was 
not sufficient and only half of the billet could be 
pushed. For this ratio therefore it was necessary to 
increase the temperature, the full billet being extruded 
producing a satisfactory bar with smooth surface and 
clean corners. It was decided to see if this was the 
limit which could be attained with this specific 
pressure and billet size. For this purpose a small 
channel section die was chosen, having an extrusion 
ratio of 21:3:1. Although the billet temperature was 
still further increased only part extruded, and not all 
of that was free from tears. The die too had washed 
badly which would preclude the extrusion being used 
because of its variation in cross-sectional dimensions. 
And at this temperature there was some damage to 
the structure of the alloy. 







From these experimental billets it appears highly 
probable that extrusion ratios between 10 and 18:1 
can be successfully extruded with a specific pressure 
of 45/50 ton/sq. in., although higher than normal 
temperatures would have to be used. Longer billet 
lengths could be accommodated particularly if the 
extrusion ratio falls between 10 and 15:1. Again it 
must be pointed out that this ratio is lower than 
normally employed for steel but a look at one or two 
properties of Haynes Alloy No. 25 will put this into 
proper perspective. For comparisons equivalent 
figures for 18/8 stainless steel are given. 


future trends and conclusions 


The hot extrusion of carbon low alloy and stainless 
tubing is now firmly established in several countries 
of the world, being generally accepted as the superior 
process. Modern presses, embodying all the latest 
features and improvements, enabling 80-100 
extrusions per hour to be obtained, are being installed 
in preference to conventional tube mills. These new 
press designs are beginning to make a great impact 
through the industrial countries of the world. 

To date, however, there has been no comparable 
surge forward in the field of section extrusion and the 


TYPICAL MECHANICAL PROPERTIES 
HAYNES ALLOY No. 25 BAR 
The figures in brackets are the equivalents for 18/8 Cb. 























Short 
time bf 2 Elastic 
tensile. t.s.i. Ein.% modulus 
U.T.S. p.s.i. x 10° 
t.s.i. 
Room temp. 67-0 (35/40) 30-0 (12/14) 65- (50) 34-2 (28-0) 
538°C. 48-5 (23/25) 71-0 (40) 26-8 (20-2) 
648°C. 43-5 (19/21) 37-0 (42) 27-4 
734°C. 33-0 (14/15) 36-0 (62) _ 
814°C. 29-0 (10/12) 24-0 (65) 26-75 
tress rupture data 
' 7 100 hours 1,000 hours 
870°C. 7-4 ts.i. (2 t.s.i.) 5°4ts.i. (1-5 t.s.i.) 
926°C. 5°4t.s.i. (1-4 t.s.i.) 3-8 t.s.i ( -85 t.s.i.) 

















number of plants engaged on this type of work 
remains small in comparison. It is interesting to note 
that although various American plants have extruded 
the type of sections discussed in this Paper, the 
general feeling has been that the process was not 
economic. Main responsibility for this probably lay 
in the early difficulties experienced with die life and 
other extrusion tooling. Coupled with the high 
starting price of the raw material it is not difficult to 
appreciate why many have wondered what was wrong 
with the rolling mill. 

Application of certain fundamentals has however 
changed the picture, certainly as far as the British and 
European plants are concerned, and today a large 
amount of solid and hollow section is being produced 
which is finding a ready and saleable market. 

The author is not suggesting that the hot extrusion 
press is in present day competition with the rolling 
mill, but more and more sections are being found in 
sufficiently large quantities which show a worthwhile 
saving in material and machining costs when supplied 
as an extrusion. It has been suggested by Haffner 
and Sejournet' that steel extrusion can now no longer 
be ignored, even as a means of producing plain tube 
and section, and the extrusion press must be con- 
sidered as an alternative to the conventional tube 
mill. 

To arrive at this position it has been necessary for 
press designers to make many revolutionary advances 
during the last 10 years or so. Present day presses are 
now capable of competing with tube mill outputs by 
reason of the greatly increased number of extrusions 
per hour, made possible by eliminating all wasteful 
operations in the extrusion cycle. With the number 
of extrusions per hour in the region 80-100 the 
outputs obtained will be upwards of 20 tons/hour, 
and ultimately it is expected that up to 40 tons/hour 
will be processed on one press. A diversity of 
materials and sections would considerably increase 
the handling problems, but these would have to be 
solved, along with that of the heating medium. 
Induction heating units are now being designed to 
give a supply of 40 tons of billets / hour in a scale-free 
condition. 

Although the trend can be clearly seen with regard 
to tube extrusion, it is not so apparent that special 
section extrusion will attain the outputs quoted with- 
out improvements to die materials and lubrication. 
The development of new die materials has not kept 





Fig. 12a. Outside surface of titanium 
tube. 








Fig. 10 (left) and Fig. 11 (right). Typical micro-photographs 
of extruded High Speed Steel 18/4/1 from cast billet. 


pace with press design and, although satisfactory die 
life can be obtained with many conventional hot 
working tool steels, new materials are being sought. 
Steinbrenner? has discussed experimental work 
carried out with molybdenum dies and this material 
would seem to have the necessary requirements to 
withstand the severe working conditions. 

The greater use of Nimonic 90 and austenitic 
precipitation hardening materials will probably 
become more widespread, as will the use of cast dies, 
in these and the more conventional 9%W materials 
At the same time more use will be made of spark 
machining as a further means of reducing die cost 
per pound of extrusion. 

There are many mistaken concepts regarding the 
limitations and versatility of steel extrusion. It is 
often asked whether the extrusion press can 
eventually supersede the rolling mill. The answer is 
that it already shows many advantages and doubtless 
the time is not far distant when it will compete fairly 
successfully with a jobbing mill. 

There is no doubt that the ever-increasing trend of 
industry to use relatively expensive stainless steel 
components will considerably help the development of 
the extrusion process. Of these there will be a good 
proportion of weight-saving hollow sections with 
which only the extrusion plant can cope. 





Fig. 12b. Inside surface of titanium 
tube. 
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Fig. 13. Turning tool for Haynes Alloy No. 25. 
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Fig. 14. Heating curves for Haynes Alloy No. 25. 
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Meanwhile, it is the task of the extruder to show 
industrial designers the new shapes that can now be 
made available, shapes which hitherto have been 
supplied only in light alloy materials and which can 
be fittingly described as a “ draughtsman’s dream ” 
in steel. 

One of the important contributions already made 
to industry has been the ability to offer steel sections 
that require little or no machining. This is one of 
the major assets which has proved so useful in the 
aircraft industry, where the use of extruded support 
ring sections has become a firmly established practice. 
Some typical examples of extruded shapes are shown 
in Fig. 16, a good proportion illustrating how boring 
losses can be saved by the widespread use of hollow 
sections. 

Future consideration must be given to increasing 
the use of cast material and, in this field, continuously- 
cast round billets appear to show the greatest promise. 
It is very convenient that the author has ready access 
to a continuous-casting plant at an associate company, 
Low Moor Alloy Steelworks Ltd., and it is hoped 
that it will be possible to publish data on this subject 
in due course. The use of continuously cast billet will 
entail more research into lubrication, and higher 
extrusion ratios will also be desirable, not only to 
effect the necessary structural breakdown but also 
because they exert a beneficial influence on surface 
finish. Consequently the press designer will be called 
upon for larger presses with high specific pressures. 

I feel that the time has now arrived when official 
action should be taken to devise new or modified 





material specifications for the steel extrusion industry, 
as we are often working at a disadvantage in having 
to meet specifications that have been designed 
primarily for conventional methods of hot working. 
It can be said with confidence that enough is now 
known about the process to lay down the manufactur- 
ing limits required, and it is hoped that the British 
Standards Institution may consider these proposals 


- at an early date. In the meantime it is necessary to 


work for greater improvements in techniques and at 
the same time widen the fields of application by 
systematic lowering of production costs. 
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Fig. 16. Typical extruded section. 
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BRIGHTON CONFERENCE 





DISCUSSION GROUP REPORTS 


ROUP A _ received four interesting and 

ably presented Papers on extrusion techniques 
which stimulated a great deal of useful discussion 
and comment which, in turn, the speakers handled 
extremely well. 

I should mention that Mr. Verson, who was due to 
present the Paper on “ Pressure Economy”, was not 
able to get here at the last minute, and we are very 
indebted to Mr. Granby and Mr. Edwards for taking 
his place at very short notice. 

To do justice to both Papers and discussion con- 
fronts the rapporteur with the dilemma of the 
mosquito in the nudist colony; it is difficult to know 
where to start. 

Recent reports of achievements with the extrusion 
process cannot have failed to arouse the production 
engineer's imagination with thoughts of material 
economy, better quality products from cheaper 
materials, and so on. But how does the process work? 
How much of the achievement is based upon an 
understanding of principles which can be readily 
applied to new jobs and how much still lies within 
the art of the process? What are the limits of the 
process? How is it possible to achieve such large 
reductions in area and keep the material in one piece? 
Why don’t the slug and die weld together under such 
enormous pressures ? 

These are the sort of questions which must have 
arisen in the minds of many production engineers 
attending this Conference and certainly have been 
uppermost in mine. We haven't received any precise 
answers to all such questions, but we were presented 
with some clues and with first-rate summaries of 
extremely useful experience from both the speakers 
and the floor. 

After mentioning briefly the history of the process, 
Messrs. Tilsley and Howard presented us with a 
comprehensive review of the various factors involved 





Group Session A 





“EXTRUSION TECHNIQUES” 


reported by B. E. STOKES, M.I.Prod.E. 


in the process and in particular of the work being 
undertaken by PERA. I think that we may be for- 
given for feeling, at the end of the first session, that 
the problems involved were pretty considerable, but 
at least they were put fairly and squarely. 

Against the background set by the first Paper, Mr. 
Pugh dealt in rather more detail with some of the 
work being done on particular aspects of the problems 
involved and showed how some general rules regard- 
ing the behaviour of the material under variations in 
operating conditions were gradually emerging. I, for 
one, found most interesting his comments on the 
influence of hydrostatic pressure which were not 
included in his Paper, particularly since they were 
related to other themes also being discussed at the 
Yonference. This pressure was normally provided by 
the tooling arrangements but could be applied by 
other means, and had shown promising results on 
otherwise non-extrudable materials. 

Although these first two Papers make clear the 
gap between the art and the science of the process 
they do in turn indicate that gradually the gap 
is being narrowed. 

The Papers by Mr. Verson and Mr. Cox deal more 
with the application of the process in both cold and 
hot forms and with the routine production achieve- 
ments. Some of the examples quoted about the latter 
are most impressive. Again the gap between the 
science and the art was apparent, but clearly diminish- 
ing with the growth of knowledge accumulated from 
a growing field of successful application. 

In all four Papers there are a number of common 
points. Firstly, the importance of raw material of 
appropriate quality and the difficulty of obtaining 
such material in the United Kingdom — not particu- 
larly new to production engineers; secondly, the 
importance of slug preparation and of providing 
adequate and appropriate lubricant, though, again, 
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this problem of lubricant is very much in the realms 
of know-how and not, at least scientifically, very 
precise; thirdly, the importance of the right kind of 
tool steel equal to the task; fourthly, the importance 
of robustness of both tooling and plant; fifthly, the 
influences of the process capabilities upon the design 
of the component to be produced; and, sixthly, the 


need to reduce pressures and work done is as ° 


important as the need to find better quality tool steels. 


It became clear that with adequate and continuing 
attention to these points both hot and cold forms of 
the process can offer a number of potential and 
considerable advantages — more efficient use of raw 
material, improved structural properties of the 
material after processing, and the consequent use of 
less expensive material for more arduous duty. I 
should mention, however, that during discussion it 
was pointed out by more than one speaker that on 
occasions the improvement in mechanical properties 
could be a nuisance in subsequent operations, and was 
not easy to remove. 


But continuing with the advantages, there is the 
ability to produce readily sections which are not 
obtainable, or are prohibitively expensive, by other 
means. In addition, potential production rates are 
high and are frequently readily automated. 


Group Session B 





“PRECISION FORGING” 


reported by |. B. KING, A.M.I.Prod.E. 


HOSE who have had the opportunity of glancing 

through the Papers in this Group will have 
noticed that formulae, graphs and such like, are not 
greatly in evidence. This, I think, illustrates that 
tolerances to close tolerances have, in the main, been 
produced along conventional forging lines and 
utilising a vast amount of practical experience built 
up over the years. 

The first Paper, presented by Mr. E. W. Peel, was 
on “Close-to-Form and Close Tolerance Forging” 
and outlines the progress which has been made in 
producing large forgings of sufficient accuracy to 
dispense with any form of machining, except on 
mating surfaces or where extreme accuracy is 
required, and this has been obtained by the use of 
coventional forging apparatus. 

Considerable progress has been made in forging 
non-ferrous materials to close dimensional and weight 
tolerances for the aircraft industry. This has been 
achieved by careful control of the various factors 
affecting the dimensions of a finished workpiece, such 
as accuracy of the die impressions and control of 
billet temperature. 
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These Papers provoked a very useful interchange 
of ideas, which aired both the advantages and 
difficulties to everyone’s benefit and emphasised the 
extent to which the exploitation of new processes 
depends frequently upon our ability to combine a 
number of contributory skills—of the steelmaker, the 
metallurgist, the tool designer, the product designer, 
the tool maker and the plant manufacturer. Again, 
this is one of those problems where the production 
engineer, in order to achieve the end result, has to 
be capable of coping with the bringing together and 
considering of the requirements of a whole host of 
skills. We seem to get more and more of these 
problems as the years go by. 


The Conference has, I feel, helped enormously 
towards this co-operative goal by bringing represen- 
tatives of all these skills together, giving them an open 
forum on a relatively neutral bit of ground, and an 
opportunity of discussing these common problems. It 
has also enabled some general problems to be brought 
out—the possibility of introducing British Standards 
to cover the requirements, the fields of research in 
which effort ought to be directed, a closer contact 
between the people doing the research and the people 
who have to use the results, and so on; very desirable 
and useful things. 


An additional factor in making these close 
tolerance forgings possible in non-ferrous materials is 
the absence of surface deterioration, e.g., scaling. 


In the case of ferrous materials, because of this 
surface deterioration, it is much more difficult to 
hold close tolerances but a great deal of effort has 
been put into the forging of parts in stainless steel 
Nimonic alloys and titanium, and good results have 
been achieved in many cases by the use of controlled 
atmosphere furnaces, plating of components or use 
of special sprayed-on coatings. 

A good example of close tolerance forging in this 
type of material is the manufacture of gas turbine 
blades and tolerances of the order of .002 in. per inch 
length, and profile tolerances of .002 - .004 can be 
achieved. 


As might be expected there is a limitation to the 
accuracy which can be obtained by use of conven- 
tional tools and methods and consequently modifica- 
tions have been made to the basic process. Firstly, 
there is the split die method, in which the heated billet 
is placed between the two dies which are then closed, 








metal flow being achieved by side acting rams. Second- 
ly, there is the enclosed die forging, in which the metal 
is totally enclosed in the die with the punch member 
sealing off the cavity. On descent of the punch the 
metal is forced into the various cavities of the die and 
punch. Forgings without draft or flash can be pro- 
duced by this method to accuracies of + .002 in 
aluminium with larger tolerance for steel components. 

All these forging operations require the metal to be 
in a heated condition and for parts requiring a higher 
degree of accuracy of say less than .001, cold forging 
techniques, either impact or press forging, have to be 
used. In many cases special presses may be necessary, 
particularly for the larger components, but for small 
parts, especially if high speed of deformation is not 
required, then conventional equipment is quite 
satisfactory. 

When cold forging either ferrous or non-ferrous 
alloys, the dies require a higher surface finish and 
surface preparation of the billet or slug is also 
necessary to reduce the friction of metal flow. 

Considerable discussion took place on the life of 
dies when cold forging. It would appear that pro- 
vided there are no mechanical faults, such as cracks, 
which cause an early failure, several hundred 
thousand components can be produced. In the words 
of-one author, “either you have them or you don’t”. 
Successful manufacture of dies calls for great care in 
selection of raw material, manufacture, heat treatment 
and finishing. 


use of tungsten carbide 

The use of tungsten carbide for cold extrusion dies 
was discussed. Experience has shown that the highest 
possible surface finish is necessary and extra effort in 
this direction more than pays off by an increase in 
tool life. The increase in mechanical properties of cold 
forged material was brought up, but it seems that 
accurate figures are not yet available on the full 
effect of cold working. Therefore, tests should be 
undertaken before using this advantage to the full. 


Heat treatment is not usual after cold forging, but 
is quite common after hot working. The advantage 
of being able to hold the part to close tolerances 
during manufacture and then to lose it during heat 
treatment is avoided by the use of quenching presses. 
Round disc type components are suitable for this 
type of apparatus but flat or long parts present 
greater difficulties. Present techniques when harden- 
ing and tempering are to quench the component in 
a jig or between dies; if this is not possible due to 
cooling rates, then correction must take place at the 
tempering stage. 

Where highly stressed components are being 
manufactured quality control must set a_ high 
standard. For non-ferrous alloys the procedure 
involves careful material control, followed by ultra- 
sonic tests for cavities and other internal defects at 
an intermediate forging stage. 

Surface defects will be shown up by deep etching. 
Where aluminium alloys are being formed bright 
polishing and anodising show up cracks, as the anodis- 
ing fluids act as a die penetrant. 


For steel parts electro polishing with a critical 
visual examination and magnetic crack detection is 
probably sufficient. 

Good components are produced only by careful 
control at all stages of manufacture. 

Mr. A. M. Cooper’s Paper on “ Basic Features of 
the Cold Forging Process” covers the production of 
pieces which have, in general, axial symmetry and 
a head formed at one end, although it is possible to 
upset portions of the shank. 

The Paper covers the types of machines used for 
the process which are broadly classified by certain 
characteristics : 

The type of heading die used can be either: 

(a) split die, in which the die is split along the 

length of the component; 

(b) solid die, in which the component is formed in 

a hole machined into the die block. 

In both cases a punch upsets the end of the slug. 
The number of heading blows 

Normally either one or two blows per piece and 
occasionally three-blow machines can be used, but 
the number of strokes of the machine is often limited 
by the decreasing ductility of the raw material. 

The range of wire diameter which can be handled 
on any one machine is fairly limited. 

The length of wire that can be cut off is restricted 
between 3 to 12 times the wire diameter, but special 
machines can cover 8 to 20 wire diameters. 


Upset Ratio— This is the ratio of the length of 
unsupported wire protruding from the die to that of 
the wire diameter. As the ratio increases there will 
be a tendency for the wire to buckle rather than flow 
and unsatisfactory components will be produced. For 
one-blow machines the ratio is 2.1: 1, and for two- 
blow machines the ratio is 4.5: 1. 


Consideration must also be given to the shape of 
the head produced, e.g., large diameter, thin heads 
may be difficult to manufacture due to cracking 
around the outer edges of the head. This is to be 
expected due to the excessive working of the material. 
Hence the degree of deformation must be considered 
and simple relationships are given in the Paper 
between the cross-sectional area of the upset part to 
that of the original wire. 

Where the shank diameter must be held to close 
tolerance the wire can be passed through an extru- 
sion die either whilst heading or as a secondary 
operation. There are, however, a number of 
limitations to this process : 

1. degree of deformation is limited; 

2. the lead in the extrusion die will be repeated 

on the component; 

3. there is a limitation on the length that can be 

extruded. 


On certain components increase in shank diameter 
immediately under the head is possible and non- 
round sections can be formed. Absolutely square 
corners are not possible, but corner radii of 5°/, of the 
wire diameter are possible and are sufficiently sharp 
for most practical purposes. 
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Nearly all materials can be cold forged and the 
extent to which they can be worked will naturally, 
of course, depend on the metallurgical structure of 
the material and also on the amount of work which 
has previously been performed during manufacture. 
The author strongly recommends close liaison with 
the supplier of raw material in order that the material 
is in the correct condition for cold forging. 

Tolerances which can be held are of the order of : 

+ .005 in. for the diameter and height of the 
head; 

+ .001 in. on the shank diameter; 

+ .005in. on shank length for pieces under 
1 in. 

Closer tolerances can be obtained if necessary. 

The main advantages of the process are virtually 
100°/, utilisation of material. When steel is used there 
is an increase in mechanical properties due to cold 
working, and lastly, high production rates are 
possible. 

Whilst the Paper illustrates the heading of circular 
wire, non-circular wire can be forged with equal 
facility. 

Tube as a raw material is not possible but a 
limited amount of piercing can be undertaken in the 
forging stroke. Amongst those present it was con- 
sidered that the current British designs of heading 
machines were not as advanced as their Continental 
or American counterparts. 

Considerable discussion centred around the life of 
dies and whilst split dies have the edge on the solid 
type, the number of components that can be pro- 
duced is between 1 X 10°-10X 10° per set. 
Tungsten carbide is used but is very slightly more 
prone to failure. 

The discussion then went into detail of the relative 
merits of conventionally made dies as against spark 
eroded types, and it would appear that there is little 
or no change in life or change in product quality 
one from the other. 

Lubrication of the component whilst heading is 
important; molybdenum disulphide is very often used 
but most other forms of lubricant are equally popular. 
To a certain extent the choice is by trial and error 
but information is being built up to give the subject 
a more scientific background. 

The heading of titanium and stainless steel is a 
little more difficult and to do this successfully one 
has to resort to warm heading. However, the tempera- 
tures are gradually being brought down and no doubt 
ultimately one will be able to do this cold. 


forging steel shafts 

“Precision Forging of Steel Shafts”, by Mr. R. 
Speck, outlines a process which forges steel shafts to 
a wide variety of multiple diameters and lengths in 
one set-up. 

The machine incorporates multiple hammers which 
reciprocate at a high speed whilst a heated billet is 
passed between them to be swaged down to a pre-set 
pattern of diameters and lengths. Tolerances can be 
held to + .010 and straightness in the order of ,g in. 
over 24 in. 
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The finished component is free of any flash line 
which makes it particularly acceptable for a wide 
variety of work holding or handling devices. 

Since the shape of the shaft is not governed by the 
shape of the dies a wide variety of components can 
easily be made. Diameters and lengths are selected 
by stops and the machine is completely automatic 
except for loading and unloading. Completely auto- 
matic machines in which the dimension information 
is fed in, either from the drawing or by some other 
means, are under development. 

The advantages of this process are that material 
utilisation is greatly improved and the surface finish 
obtained is sufficiently smooth so that in many cases 
machining can be dispensed with, except where 
bearings and other parts have to be fitted. 

One disadvantage of the process is that only shafts 
of decreasing diameter steps can be forged, and if 
it is required that the shaft ends be smaller than 
the centre, then the part must be reversed in the 
machine. Floor-to-floor times are given as between 
20-120 seconds for a six diameter shaft for shafts 
between 4-40 in. in length. 

When the discussion opened, Mr. Speck was bom- 
barded with detailed questions which, to me, 
indicated that the process offered many advantages 
to the production engineer who is concerned with 
the manufacture of shaft type components. Even in 
such small batches as 100 off it is possible to show 
cost savings as against turning from bar. 


low tooling costs 


Tooling costs are extremely low, being in the order 
of £50 for a set of hammers which have a life of 
2,000 - 3,000 components per regrind, and a total 
life of 25,000 components, These figures are for 
stellite-faced hammers. Experiments have taken place 
with tungsten carbide hammers and a total life of 
200,000 components has been achieved. Tooling set- 
up varies from 4-8 hours and tools can, because of 
their simplicity, be made in a matter of hours. 

Where subsequent machining is necessary, an 
allowance of .040- .050, on radius, will ensure that 
surface scale is completely removed; not that surface 
scale as such presents much of a problem, as very 
little is present due to the lower forging temperatures 
used and is knocked off by the hammers. Inert 
atmosphere furnaces can, of course, be used for 
heating the billet. 

I was particularly interested in the last Paper in 
this Group, “Forging of Rifling in Small Arms 
Barrels” by Mr. L. R. Beesly, as I spent some five 
years at the R.S.A.F. and know something of the 
difficulties in the manufacture of barrels. 

However, our Group joined forces with another, as 
the Paper by Mr. H. Carlisle on the “Intraform 
Process” is basically similar to that of Mr. L. R. 
Beesly, and this will be reported by Mr. Clarke. 

The normal method of producing the rifling is to 
use a single point tool in a head which is pulled by 
a bar through the bore. There are six grooves, each 
010 in. deep, and each pass of the tool removes 
only a few tenths of thousandths of material from one 
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groove—a time-consuming process as you can well 
imagine. In addition, the external machining of the 
barrel involves considerable stock removal. 

Cold forging appeared then to offer an attractive 
alternative and tests carried out some years ago 
showed that there were possibilities in the technique. 
It was not until 12 months ago that real progress 
was made, when a G.F.M. machine was purchased. 
This works on the same principle as the de Roll 
machine described in Mr. Speck’s Paper, which is 
that of passing the material through a number of 
reciprocating hammers. In this case the barrel is 
forged cold, EN 19A being the material used, from 
a machined billet with a hole down the centre. The 
rifling is formed by inserting a mandrel of the internal 


T is my pleasure to report on the discussions in the 

Forming by Rolling Group meetings. 

I would first ask you to cast your minds back to 
the remarks made by Dr. Galloway at the end of the 
First Plenary Session, when he said that before so 
many experts he was somewhat diffident about what 
he was going to say. I should explain that I 
am personally associated with Associated Electrical 
Industries (Manchester) Ltd., and while they may be 
engaged, both with investigations into and with the 
practice of some of the principles that we have 
heard propounded, I personally am concerned with 
the small quantity production of certain special 
equipment, such as electron microscopes, mass- 
spectrometers and so on. In consequence, I have very 
little opportunity of practising or utilising the subjects 
of the Conference — or so I thought before I came 
here. 

The first session was, in fact, the excellent talk 
given by Mr. Arnold, which concerns the splining of 
shafts and gives, incidentally, detailed cost analyses 
both of the previous conventional methods and of the 
normal method. The Paper also deals with the thread 
rolling of cylinder head studs. 

The splining of the shafts in this context is done 
without metal removal, by rolling two cracks horizon- 
tally opposed to each other with the shaft between. 

The cylinder head bolt rolling process, as you will 
see from the Paper, takes a coil of wire, unreels it, 
straightens it, draws it through a die, crops it, does a 
cold extrusion operation over the thread ends and 
chamfers them. Finally, there is the thread rolling 
operation. 

Mr. Arnold in his Paper made it quite clear that 
he was not propounding any new principles but was 
giving, with his case histories, examples from which it 


shape required, passing the rotating billet over the 
mandrel at the same time as it is being hammered. 
The mandrel is free to rotate and is guided by the 
rifling grooves already formed. 

From specimens which have been tested it has been 
found that there is a significant increase in mechanical 
properties and hardness, improved surface finish and 
wear resistance, and better metallurgical structure. 

Initially parallel mandrels were used but this 
resulted in the need to hold the size of the initial 
hole to close tolerances. By tapering the mandrel 
much greater latitude is possible. 

Cost comparisons indicate little saving in tooling 
costs but considerable savings in capital outlay, floor 
space and machine floor-to-floor times. 
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“FORMING BY ROLLING” 


reported by R. S. CLARK, A.M.1.Prod.E, 


was axiomatic that the processes should be more 
widely adopted. 

Mr. Winskill opened the discussion, and apart from 
thanking Mr. Arnold, he also thanked Vauxhall 
Motors for the detailed costs which they have given, 
which are of so much interest to production 
engineers. 

Mr. Winskill indicated that the Paper was another 
instance showing the need for close liaison between 
the design engineer and the production engineer so 
that designs suitable for production emerge. He also 
asked about the possibility of rolling buttressed 
threads, and both Mr. Arnold and Mr. Salt, of 
Guest, Keen & Nettlefold, advised that 20° - 25° 
from the vertical was the limit. 

Mr. Winskill was also interested in the tolerances 
obtainable on rolling and was advised that with 
proper attention to the production and maintenance 
of suitable tools and bearings, normal tolerances could 
be expected or improved upon. 

After Mr. Winskill, I made a contribution to the 
effect that Mr. Arnold seemed to have claimed a very 
modest cost saving, as there should be a further 
saving from overheads assuming differential factory 
expense rates and resulting from the lesser floor space 
for one larger spline rolling machine as compared with 
eight conventional hobbing machines. This is a very 
important point as far as profitability is concerned, 
because in these days we are very concerned about 
capital investment for new buildings and for expan- 
sion. I made the further point that the small user 
would benefit from the practices by utilising bulk 
suppliers. 

These two points assured me that I should have 
something to report to you. But I need not have 
worried, because Mr. Thompson (Howard & 
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Bullough) followed and he had personal worries of 
his own as he did not seem to be getting the tool life 
that Mr. Arnold claimed. Apparently, the crests of 
his rolls collapsed sooner than those of Mr. Arnold. 
This led to a comparison of the specifications of the 
workpieces. As to the length of splines, apparently 
Mr. Thompson was producing a much longer spline, 
and so it was unfair to compare it on a piece-to-piece 
basis. 

After something of a detailed discussion, the 
Chairman ruled that it was an isolated difficulty 
which should be resolved, if possible, outside the 
meeting. 

Mr. Salt mentioned that his company had pro- 
duced a satisfactory roll life with 73 tensile titanium 
alloy, obtaining 500 pieces before the rolls broke 
down, and reported some success with 100 ton 
material, subject in both cases to their producing 
their own rolls, 

Mr. Prosser, also of G.K.N., wondered why Mr. 
Arnold had not started with drawn bar, but Mr. 
Arnold replied that in the particular instance it would 
have yielded no further saving, as the copy lathe 
was employed for another operation and it was little 
extra to do the small metal removing operation at 
the same time. . 

Mr. Akerman (John Smith & Co. Ltd.) asked about 
the success of rolling worms. After some discussion, 
it appears that here we have something further to be 
learnt from Germany. 

Mr. Akerman also queried the metal removing 
operation and the chamfering of the studs. In this 
connection Mr. Arnold explained that the chamfer- 
ing of the studs was to remove a very small amount 
of metal. In any case, for their own purposes they 
were not concerned whether it was chamfered or not. 
Certain of their customers were rather fussy, and if 
they required to retain the chamfering on the studs, 
in all probability they would do it by extruding a 
part of the rectangle, thus obviating the metal 
removing operation in due course. 

Mr. Grant, of Charles Richards, suggested that, 
although the saving shown by Mr. Arnold was very 
considerable, it could be doubled again if coils in 
excess of 500 lb. could be obtained in wire for the 
cylinder head studs. He also pointed out that half 
of the cycle time in producing the cylinder head 
studs was employed in welding one coil of wire on to 
the next. 

In reply, Mr. Arnold agreed that this was so and 
said that he would like to see reels of material pro- 
duced in greater length, but he suggested that at the 
moment the steel suppliers had some objection to 
this. There were hazards from the safety point of 
view in that the reels tended to become tangled at 
any larger sizes. 

There were other contributions to the discussion 
indicating that Mr. Arnold should be thanked for 
giving a very stimulating Paper indicating the greater 
possibilities of producing components without metal 
removal, and, hence with considerable cost savings. 

As Mr. King said, you get only half rations from 
me. I was detailed to give the report on the two form- 
ing by rolling groups, and the second one did, in 
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fact, become a combined one with the “ rifling of 
small arms’ barrels.” 

Incidentally, I might mention here Mr. Carlisle’s 
Paper* on the Intraform process. Seeing that Mr. 
Carlisle was from the Cincinnati Milling Machine 
I wondered if this was another process where if 
the metal removing operations were discontinued the 
shares of the company would be going down. But I 
will say more about that when we come to it. 


new forging developments 


Dealing first with the formation of rifling in small 
arms’ barrels by a precision forging process, by Mr. 
Beesly, the Paper is concerned with the utilisation of 
the G.F.M. forging machine. This particular forging 
machine is claimed to produce better results insofar as 
there are four regularly opposed hammers operating 
simultaneously on the workpiece, in which there is a 
mandrel of the required shape. 

Mr. Beesly made the point that satisfactory rifling 
could be and was obtained by this process utilising 
this machine, which was developed in Germany and, 
furthermore, that the metallurgical characteristics of 
the metal were improved by the process as compared 
with the conventional ones. Apparently, during the 
War gun barrels were rolled, but these barrels would 
no longer be acceptable if manufactured by the earlier 
process. 

Another advantage claimed for the machine was 
that one man could work two machines, and he need 
not be a skilled man at that, as compared with con- 
ventional turning, boring and broaching. 

A film was shown illustrating the conventional 
methods where two barrels were produced simul- 
taneously by drilling and broaching, and then the 
film showed the later method using the G.F.M. 
machine. The saving, apparently, was comparatively 
small in this instance, being only 74 minutes per 
barrel. Even so, there were the other advantages in 
relation to the type of labour employed, and also the 
machine is a versatile one, which can be used for 
doing many other components with small outlay for 
tool costs. Much work will still have to be done, 
apparently, to obtain the full benefits from this 
process. 

Going now to Mr. Carlisle’s talk on the Intraform 
process, this was really a variation on a theme. The 
first G.F.M. machine was a vertical machine having 
four horizontally or radially opposed reciprocating 
hammers, and that machine could be used for either 
hot or cold working. 

The Intraform machine is, apparently a very new 
one in the U.S.A., and it is used for forging internal 
forms to a required shape in the cold condition with- 
out metal removal. 

In this respect it differs somewhat from the G.F.M. 
machine, which operates hot or cold and, furthermore, 
the Intraform machine is a herizontal one, permitting 
far greater length of component. 

The principle involved in the Intraform machine, 
by the way, is that there is a revolving work-head or 
a headstock, and the head in revolving operates a 
number of cams which cause a number of dies to 


* not published. 
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operate on to the workpiece. These, with the various 
speeds possible on the machine, give a very high 
number of blows per second to the job. 

So we can say, coming back to my point about the 
shares of milling machine companies, no doubt what 
they lose on milling machines they will make up by 
supplying alternative machines which, apparently, 
can be used to produce a superior component with 
greater accuracy, improved grain form, improved 
surface hardness and improved surface finish, and 
also with very small tool costs. 

This machine was shown to produce many interest- 
ing internal shapes, including the tightening and the 
improving of tolerances on long tubes. Apparently, 
long tubes can be passed through this machine. 
Incidentally, if they are seamed tubes the result of 
reducing them slightly in diameter not only improves 
the tolerances on the tubes but makes it almost 
impossible to find where the welds were. Apparently, 
‘the one limitation on the machine in that direction 
was that it would only approximately halve the 
eccentricity tolerance; in other words, the machine 
had difficulty in transferring material right round 
the diameter of the tube. 


design improvement 


In this instance Mr. Stevens opened the discussion, 
and he was interested to know how the Intraform 
machine compared with the German Alcad machine. 
Mr. Carlisle suggested that the design was very 
similar but indicated that they had improved upon 
the cam design and made a more rigid bed for the 
machine. 


It was asked whether a key could be put 
on to the outside of shafts, and Mr. Carlisle indicated 
that he would prefer the work to be done inside, 
though it could be done on the outside with some 
deformation of the tube. 


One questioner asked what materials were used for 
the body of a machine, and in the case of the G.F.M. 
machine, apparently, it is cast steel. The Intraform 
machine is largely cast-iron, although, I gather, a 
rather special cast-iron. 


A further question referred to the effects of the 
heat generated in the Intraform machine when cold 
working, and Mr. Carlisle indicated that while the 
component came off very hot, no measurable ill effects 
were noticed from it. 


Dr. Hollis, of the Ministry of Aviation, mentioned 
that various dynamic studies had been done in 
Germany on machines, and wished to know whether 
the G.F.M. machine had been so studied. Apparently, 
the Austrian-German Forging Association has one of 
these machines for study at the moment, but the 
results are not yet available. 


One awkward member from the English Steel 
Corporation wanted to know whether two diameters 
and also a taper could be formed simultaneously. Mr. 
Carlisle replied that they made a machine which 
would take components up to 4 in. in diameter, and 
the strength of the material used would determine 
what operations could be done at the one time. Again, 


he indicated that there is only one die in contact 
with the job, and the die could be 6in.-8in. in 
length, and it was a question of what one could 
accommodate on that. 


At this point in the discussion, Dr. Caro] Richard, 
of Austria, the designer of the G.F.M. machine, 
suggested that perhaps the two machines should be 
compared one with the other. He indicated that every 
machine has its own advantages and disadvantages. 
You could get a higher rate of blows per minute with 
the Intraform machine, the only limitation being on 
the forging pressure. On the G.F.M. machine it was 
possible to go up to much higher pressures than with 
a machine employing cams. He indicated that each 
hammer was capable of exerting a force of 700 tons, 
and this gave advantages for certain components. 
Again, on the other hand, the Intraform machine was 
capable of doing, as I mentioned before, long tubing. 
Again, the G.F.M. machine is capable of varying the 
forging times during the operation, and it can also 
perform tapers readily on the O.D. Neither machine 
was capable of producing external gears. 


Mr. Carlisle claimed that their machine was 
capable of producing components to a tolerance of 
two-tenths and with a high degree of surface finish. 


I was particularly interested to know whether either 
machine was capable of being used for small quantity 
work, assuming that one had sufficient of it or a 
variety to justify having a machine in the first place. 
It was claimed that both machines should be capable 
of fulfilling this function. Mr. Carlisle claimed that 
the tooling would pay for itself, in many instances 
with quantities of 25 off, and Dr. Carol Richard 
claimed that single forgings were as cheap as quantity 
ones on their machines. 


rolling internal threads 


Mr. John M. Brice, of Coventry Gauge & Tool Co., 
asked whether either machine could produce internal 
threads. Although it was claimed that the Germans 
had an alternative machine, the answer was ‘that 
neither machine was considered capable of producing 
internal threads. Mr. Carlisle claimed that they had 
made collapsible mandrels which could be used for 
some purposes, although these created troubles of 
their own, requiring high pressures. Dr. Richard, on 
the other hand, said that they could offer an alterna- 
tive machine for rolling internal threads. 


The question of rate through the die was discussed, 
and Dr. Richard suggested that on their machine 
the speeds varied from 6 in. to 3 ft./min, when cold 
forging and from 3 ft. to 20 ft./min., subject to the 
surface finish required, when hot rolling. 


Further questioned by Mr. Allen (Rolls-Royce) 
about components prone to excessive work hardening, 
Dr. Richard replied that only cold forged materials 
had a range of work hardening characteristics. The 
main point is that on the G.F.M. machine you can 
just as easily use hot working. 

Mr. Carlisle, on the other hand, suggested that 
speeds of 70in./min. to 120in./min. could be 
obtained, depending on the reduction required. 
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The final question concerned the methods of heat- 
ing for hot forging on the G.F.M. machine. It was 
explained that this was quite unimportant so far as 
the machine was concerned. The most convenient 
means could be applied unless one was concerned 
with surface finish on the outside of the finished 
job. 


In conclusion, I would say that we have been 


Group Session D 





“SHEET FORMING” 


reported by P. SPEAR, Grad.|.Prod.E. 


T is a tradition among music hall artists to start 

their performance with the remark: “A funny 
thing happened to me on the way to the theatre.” As 
a matter of fact, a funny thing did happen to me 
on the way to the theatre. I was trying to prepare 
these notes at lunchtime, and the time was getting on 
and I was in danger of arriving here late. So I 
hurried downstairs to get my car. I found that there 
had been a fire at the hotel during the lunch period 
and my car was hemmed in by four fire engines, 
miles of hose and quite a few of the local constabulary. 

I am aware that I am not a very good lecturer, 
but setting fire to the hotel — really ! 

It is the custom when making a report blithely 
to assume that all those present have assiduously 
read all the Papers and, indeed, my task is supposed 
to be to give a summary of the discussion and the 
highlights. However, I would prefer to examine the 
fundamental thought behind the developments to 
which we have listened and to report on the stages 
achieved. 

Our four Papers covered deep forming with 
remarkably wide scope. We talked about 28 gauge 
aluminium and about $ in. thick mild steel, and we 
included in our conversations }in. thick exotic 
rocket alloys. From the overall picture certain funda- 
mental observations are pertinent. 

Firstly, I say this most sincerely, there is the 
beauty of the philosophy behind each process. ‘The 
production engineer tends in his normal work to con- 
centrate on his own particular environmental 
problems — that is to say, improving efficiency and 
utilisation of plant, labour handling, gadgetry and so 
on. All this tends to be a manipulation of existing 
principles and lines of approach. He rarely has a 
chance to sit back and examine the overall problems. 
But the complete pattern examined critically can 
often yield results eliminating or simplifying complete 
sequences with which he concerns himself within the 
overall pattern. For instance, we had Dr. Hollis 
speaking about forming by means of explosives. There 
is fundamental thought. You need large forces to 
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given much food for thought at the Conference, and 
I am by no means sure that forming by rolling would 
benefit only the large quantity producers. I now think 
it quite likely that large and small producers alike 
will benefit progressively from the application of the 
process. We have heard of many steps leading 
towards more economical production, which is the 
constant aim of production engineers. 


produce a pressing. Why do you need a press? It is 
the forces that you want in the press. Why not 
generate the forces without a mechanical contrivance? 
That has an element of beauty in the creative 
thought. 


Secondly, there was obviously considerable attention 
to the preparation of the Papers and the samples. | 
would congratulate all the authors on this point, 
particularly Mr. Carlisle, who had a large number of 
samples concerned with rockets and missiles to bring 
from America to England. He was told: “ You 
cannot bring out any samples which might usefully 
be employed in the programmes”. So he cut them 
in two and brought halves only over to England. 


Thirdly, the discussions revealed the great amount 
of work going on in this country to improve and 
understand the application of processes that at first 
sight seem almost pipe dreams. I would particularly 
like to make mention here of Government organisa- 
tions and Government sponsored or supported bodies. 
The discussions revealed the very large amount of 
work being done. I do not like to mention names, but 
I think of Mr. Dewsnap, of the War Office, and the 
work in Royal Ordnance Factories. I was surprised 
at the number of times problems arose where people 
on the floor could assist practically in giving advice 
and complementing in every sense of the word the 
work of the lecturers. Such bodies as the National 
Engineering Laboratory, PERA, the Royal Ordnance 
Factories, are worthy of mention and also many 
industrial organisations. It is an excellent sign of the 
times, and T wish them well. 


Fourthly, though the original thinking _ has 
generally been aimed at a unique process, it is 
interesting to see how they are interrelated. For 
example, during one of the discussions explosively 
formed blanks were suggested as a practical pro- 
position to be finally sized by flow turning. This is 
an example of fundamental thought in two quite 
different fields which have a bearing one on the 
other. 











Fifthly, all the Papers gave rise to very provocative 
discussions. 1 would especially mention Mr. Moller, 
who came all the way over from Sweden to present 
his Paper. He was a little worried about his English, 
and so he had his Paper read extremely ably by 
Mr. Cooper, Education Officer to the Institution. 
But don’t you kid yourselves. Mr, Moller understood 
perfectly all the questions put to him and gave 
perfectly good answers. 

I now want to get down to the more practical 
issues of the Conference. 


explosive forming 


Dr. Hollis spoke on the explosive forming of metals. 
The fundamental is this: You hit the blank so hard 
and so quickly that it moves to shape in a completely 
plastic state adiabatically. Almost before it knows 
what is happening it moves into shape in this com- 
pletely plastic state of deformation, and so quickly 
that the action is adiabatic, which for those of 
you who have forgotten what it means — means that 
the heat formed does not have a chance to escape 
and thus remains within the material, therefore 
assisting in the freedom of dislocation and the pro- 
motion of diffused slip. In principle, the blank is placed 
on a die —it can be quite simple, of cast-iron or 
some other reinforced material—-and a charge is 
put over the blank and it is exploded under water 
so that the resultant shock wave is in a downward 
direction. Considerable work is being done on the 
shape of the charges, the type of explosive to use 
and the shape of the water surround to control the 
extent and the direction of the forces. 

Points in favour of this process are that it is 
relatively cheap once the initial experiments have 
been done; you do not need elaborate plant and for 
an average component about Is. 6d. to 3s. Od. worth 
of explosive material and detonators is required — 
first-aid can be obtained under the National Health 
Scheme! There is remarkably little springback in 
the components because the work has been done in 
a plastic state and, hence, greater degrees of forming 
are justifiable than can be done by conventional 
methods. Also there is little tool wear. Size presents 
no particular limitations, and complicated shapes with 
quite awkward recesses can be achieved. 

I was interested to read here that, quite apart 
from the question of applying the process to exotic 
materials, which are very difficult to form, there is 
also work going on in straight, rough, common or 
garden engineering in forming or preforming 4 in. 
thick mild steel plate for subsequent operations. 

Against this, there is as yet — with all due respect 
to the people concerned — still a lack of background 
knowledge, and undoubtedly further work has to be 
done. The rates of production are relatively slow, 
and special precautions are needed to utilise the 
process. However, it is obvious that from the view- 
point of the future the whole idea is well worthy of 
study. 

There is another point on the fundamental philo- 
sophy again. It would be wrong to concentrate solely 
on the idea of explosives. It is quite possible that 
ultimately plants such as the Dynapak in a very 











much more elaborate form might be used; that is 
any kind of force system which gives a substantial 
shock wave. This might well be done by hydraulic 
means, hydraulic impacting means, by electrical dis- 
charge means, and not necessarily by an explosion 
in a T.N.T. sense. 

Mr. Carlisle brought us down to earth a little more 
on flow turning and spinning. The fundamental here 
is to rotate the component and apply force from a 
circular tool, rolling it along and forcing the metal to 
move sideways. It can be applied to tubes, cones and 
to quite complex shapes. Usually one starts with a 
blank that has some form in it, firstly in order to 
have something to grip, and secondly to give a piece 
of material somewhere that the rolling tools can get 
hold of to start the operation. 

It is important to realise, Mr. Carlisle pointed out, 
that this is not spinning in the old-fashioned, 
conventional sense. One is not just altering the shape 
of the blank by altering its position in space, but one 
is flowing material, increasing or decreasing the 
thickness where necessary. 

There is an interesting cross-play here which | 
mentioned earlier, that is, the possibility of using Dr. 
Hollis’s techniques in order to produce the blanks for 
Mr. Carlisle to carry on with. Mr. Carlisle gave 
details of the very large, powerful and, for that 
matter, expensive machines and the tooling techniques 
which are necessary. 

Really, I think the fundamental philosophy is the 
application of large, heavy precise techniques—money 
unlimited ! — to what is basically a known process. 

Though it is not conventional spinning, for many 
years it has been quite common practice on automatic 
lathes, capstans and others to use a free rolling 
tool, that is a free roller forced on to the work to 
flow the metal over to hold on to a second component 
and grip it in place. I remember that an example 
of this was shown at the Machine Tool Exhibition 
in 1948, and even then it was a fairly established 
technique. What has been done here is to treat it 
on a grand scale as a fundamental method of flowing 
material to a required shape. 


the spinnability rule 


Mr. Carlisle mentioned the spinnability rule, which 
was that, roughly, the percentage reduction that can 
be obtained in one pass is approximately equivalent 
to the percentage reduction in area obtained in a 
conventional tensile test. 

It appears that the process has been mainly applied 
to special alloys, and rocket engine components. 

The only work in a more mundane field was that 
described in some detail by Mr. Golder of Sankey’s. 
He produced a simple object, an aluminium spun- 
flowed spin-drier drum. I was interested in that he 
asked a lot of questions where he was worried about 
cutting a few half-pennies out of the cost of the job. 
Mr. Carlisle thought he was doing pretty well, any- 
way, because he was more used to cutting dollars 
out of something worth $100 and not pennies out of 
something worth a matter of shillings. 
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It is interesting that the process can be applied to 
a relatively ordinary job of production engineering. 

I should emphasise that with this process it is usual 
to use two rollers and not just one to force the work 
on to the mandrel. It is very important to have a 
balanced force system so that you are not just pushing 
the metal on one side and letting it do what it likes 
at the back. 

There appears to be a certain disadvantage with 
this in that if you consider a single little square of 
material as an element of, say, a component being 
flowed, then during the operation it will receive side- 
ways flowing forces in several directions. The net 
result is that one would suspect that the internal strain 
system set up in the metal is very complex and there 
might well be a danger of movement of the com- 
ponent if that strain system is released by heat treat- 
ment, local heating in the use of a component and so 
forth. 


the fluid-form process 


Then we had Mr. Moller on the fluid-form process. 
I have already referred to him. Apparently, work is 
going on in a very large number of places on the 
fundamental idea behind this thought, and Mr. 
Moller was describing a particular application. 

The fundamental philosophy is best considered by 
taking three elements. First, there is the punch or 
die. I deliberately say “or die” because in this 
process you use one or the other, but not both. 
Secondly, there is the blank. Thirdly, there is the 
rubber diaphragm. You then apply hydraulic 
pressure to the rubber diaphragm. Obviously the 
hydraulic pressure is uniform in all directions, and it 
pushes the blank on every portion of the blank at the 
same time either into the die or up to and around the 
punch. This is rather an attractive fundamental 
thought. 

In the particular process which Mr. Moller des- 
cribed, they have developed this philosophy of 
thought very elegantly into a range of devices that 
incorporate die and/or punch location, a hydraulic 
cylinder and a wear plate for the diaphragm. The 
device is made in a range of sizes and can be placed 
complete into a conventional press, which provides 
the energy source for actuation. ; 

The intriguing thought arose again during the 
discussion: “Why use this press anyway? ”: One 
wants a force and a supply of energy. One does not 
necessarily need to obtain that from a large hunk 
of elementary engineering. However, to be fair, in 
Mr. Moller’s process we must remember that the 
object is to improve existing equipment. 

The points for the process appear to be that there 
is very little die wear, all the area of the material 
comes under force at the same time and, hence, there 
is very little restriction taking place due to the 
frictional effects of a conventional tool where first one 
portion of the blank and then another portion of 
the blank is struck. 

This point caused us a little confusion, and perhaps 
I might go over this again starting off with a simple 
blank and a die underneath and a punch on top. 


424 





The conventional tool has always got some kind of 
form in it, and the lowest part is the part that 
strikes the blank first, and then the next lowest part 
strikes it, and then the next. In between these parts 
you get quite an agglomeration of different frictional 
effects of the forces acting upon the blank. 


In the present process you have a rubber diaphragm 
on the blank with a uniform force all over it. As the 
material goes the rubber diaphragm goes with it, 
and all the material is being formed at the same 
time and it is all being pushed towards the final con- 
fines that the die will give it. The tools are extremely 
quick and cheap to make. It is particularly suitable 
for small runs for prototype work. One would tend 
to get better draws. The main application appears to 
be for 50, 100 or 500 off, although examples were 
quoted of the process being used for mass 
production. 


Against this, it is a relatively slow process com- 
pared with transfer presses. There is another dis- 
advantage in that its very excellence can be a snare 
and a delusion. There is a danger in that one can 
produce 50 or 190 prototypes of a complex shape 
quite happily and the Managing Director is pleased 
with them, but when you go into production it is 
done on conventional mass production tools and then 
you find that you cannot do what you did before 
because conventional practice does not give you as 
good a job as this process does. This is not a criticism 
of the process; it is a warning that one has to watch 
it. 

Another point arises in regard to the fact that one 
is pressing the material all at the same time. Consider 
a job that would conventionally be done a bit at 
a time in a 100-ton press. To do it all at the same 
time in a press one might need a 250-ton press for 
the same size component. One does not need any 
more total energy; one just needs a larger force for 
a shorter time. 


I think that there are considerable possibilities in 
the future for this process. There are a number of 
machines with the same basic idea. Quite obviously, 
much further work is necessary to sort out the 
advantages and disadvantages of the mechanics of 
the process rather than the fundamentals of the 
process. It is undoubtedly true that there are 
extremely attractive possibilities in the region of 
ordinary mild steel pressings for, say, motor cars up 
to the region of special materials for rocket engines. 
I would emphasise the remarks of a more practical 
and valuable nature made by Mr. Dewsnap, of the 
War Office. Quite obviously, a lot of work has been 
carried out in Ordnance Factories before the War 
Office adopts a plant with this basic principle. 


““tube-in-strip”’ 


Lastly, we got on to a different subject with Mr. 
Blanco, who dealt with the question of “ Tube-in- 
Strip” This is an extremely interesting process which 
is concerned basically with the production of a sheet 
or a strip of metal which incorporates a number of 
parallel tubes integral with the sheet. 














The philosophy of the approach is extremely 
refreshing. Normally if you wanted to produce a 
component like this, which is a series of tubes linked 
together by a sheet of metal, you would think in 
terms, possibly of casting the ingot, rolling it, piercing 
it and drawing down the final tubes. You would cast 
other ingots, roll them down and produce the sheet, 
and you cut up the sheet and put it in a jig alongside 
the tubes, and you would weld them up. 

Here the simple thought is this. Why not cast 
the holes into the original ingot? Why bother to make 
the holes separate from the sheet? Why not put the 
holes in at the beginning? Quite simply, you put a 
series of cores into the ingot which are more or less 
flat. They are noi circles to start off. They are made 
of something like graphite or compressed tale and 
are Cast into the ingot. The ingot is rolled, the cores 
disintegrate and one is left with a flat strip with 
discrete dislocations exactly halfway down the sheet. 
You then open these up and blow into them with 
hydraulic pressure and the material has to go into a 
circular tube with uniform thickness because of the 
uniform pressure inside, and there you are! The 
inside of the tube can be cleaned out to get rid of the 
graphite or talc by forcing through an aqueous 
suspension of suitable abrasives. 

For the production of single tubes with a fin, which 
are in great demand for heat exchangers, radiators, 
etc., a similar thing happens, except that instead 
of bothering to cast the ingot it is more normal to 
drill or bore a hole in a thick piece of material and 
to roll that down. The fundamental thinking is more 
or less the same, and the subsequent processes are 
identical. 

So far, mainly copper and aluminium alloys have 
been treated in this way, but it is obvious that it 
can be applied to any material which: (a) can be 


cast around a core without getting particular disloca- 
tions such as blowholes and so on around it; and (b) 
which can be rolled into a sheet form. Provided it 
can be cast and rolled, there would appear to be 
no reason why the process should not be utilised. 


Mr. Blanco gave interesting figures for comparison 
— although I know he would not like me to give his 
figures as completely cast-iron quotations — as a very 
rough and ready guide to the cost of sheet with 
tubes integral per pound weight as about twice the 
cost of sheet without the tube. If you have sheet with 
tubes weighing 11 lb. and sheet without any tubes 
in it weighing | lb., the material with the tubes in it 
will cost about twice as much per |b. as the material 
without the tubes in it — which I think says quite a 
deal for the amount of development work that has 
gone into the process. 


This is not really an instance of where I can present 
you with some kind of case for and against. Rather I 
have to put it to you that the fundamental creative 
work has produced what is, in effect, a new type of 
product for the designer to use, and undoubtedly, 
particularly in the field of the transfer of heat, 
whether one is keeping a radar chassis cool or 
collecting and utilising solar radiation, there are 
considerable possibilities. 


I will now try to sum up the group of Papers on 
which I am reporting. The fundamental thinking has 
led and is leading to new and very attractive pro- 
cesses. I would earnestly recommend you all to study 
the Papers in full as they are published. There are 
obviously limits to these new processes, and no one 
process, in spite of the sales department, is ever a 
panacea for all ills and all evils. Basically, our job 
is to get to know and understand the limitations and 
to apply and exploit the advantages. 








QUALITY CONTROL— 


an introduction for the small company 
(concluded from page 427) 


Fundamentally though, it is a very imperfect 
system because it divides responsibility, it superimposes 
itself on the existing chain of authority and there is 
nothing more aggravating than having someone to 
tell you what is wrong but not how to put it right— 
“if he can do the job better than me, let him do it, 
or keep out of my hair!” 

It may well be that in time, with improved 
education and refresher courses, there will develop 
a better concept not based on pick-a-back authority. 


why are people being forced to give inc‘eased 
thought to the control of quality? 

The starkly unpleasant but basic answer is that if 
they don’t, it won’t be long before they are standing 
in line waiting for bread instead of sitting at the table 





reaching for the port, and this thing people are 
beginning to realise. Those that don’t may continue 
in blissfully ignorant contentment for a time but 
the chances are that when they do wake up to the 
fact that all is not well, it will be too late, because 
somebody else, in some other factory, in some other 
place, has quietly and efficiently offered his customers 
something better or cheaper and they have gone, left 
him flat. This can happen overnight, it can happen 
to you and to me, and it can happen today. 

The alternative is to operate from strength with 
thought being given to every aspect of the job that 
affects the customer —and that is everything, the 
whole boiling, from the voice of your telephone 
operator and the condition of your typewriter, to the 
size of the bill you send him. 
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QUALITY CONTROL - 






an introduction for the small company 


by T. F. BARRINGTON, 
Director, Slack & Parr, Ltd. 


Member, Control of Quality Sub-Committee 


ET us start right from the beginning. It has been 
Lddone times without number, but if the majority 
of the world’s engineering capacity ——the smaller 
companies — are to get anything out of this business 
of Quality Control (and make no mistake about it, it 
really is worthwhile) it must be presented in a 
different light, because it is not getting through to 
people. Perhaps not so much in respect of what it 
sets out to achieve — that has been very ably stated 
although still largely not understood — but rather in 
the methods by which it should or can be achieved. 
It is on this latter point that there is a lack of basic 
consistency, which to the novice and expert alike is 
confusing to the point of frustration. The fundamental 
point of deciding where the authority for the control 
of quality should lie is still in need of clear definition. 


what does “Quality Control”” mean? 

It is a planned—and that is the operative word—way 
of trying to make sure that the customer is satisfied 
with what he gets for his money. If he is, he will come 
back for more and the company will prosper and so 
will all the people in it. If he is not satisfied he will 
try somewhere else and all the people in the company 
will be worse off, from “ Old Harry” who sweeps the 
floor to the Chairman. 

Obviously, there is nothing new in that statement 
but, writing it down and looking at it, does two 
things. Firstly, it makes one realise that this business 
of seeing that the customer is satisfied with what he 
gets has been given a name — “Quality Control ”. 
Secondly, it underlines the fact that this thing called 
Quality is everybody’s concern, because it touches 
everybody’s pocket. “ Quality Control” stands at the 
door to welcome the customer, and wishes him God 
Speed on parting. 


customer satisfaction 


If you read about Quality Control you will pro- 
bably come across the phrase “ customer satisfaction ”’. 
Let us see where this fits in with Quality Control. 
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One view is that Quality Control starts at the speci- 
fication of a product and covers all those processes 
necessary to produce it to that specification; whereas 
customer satisfaction is an all-embracing term cover- 
ing the whole of a company’s activities concerned with 
the product and the customer — salesmanship, 
advertising, Quality Control, packaging, after-sales 
service, etc. 

Quality Control, however, can itself be looked on 
as the all-embracing phrase. If written differently as : 
“the control of the quality of all those factors which 
are needed to produce a product and present it to a 
customer,” it covers everything. 

When a car crashes, it is not the fault of the car 
but of some person, perhaps the driver, the designer, 
the service mechanic, the road-mender, but certainly 
not the inanimate car. 

It is not the product which calls for control, but the 
people who produce it, and its quality is a revealing 
mirror of their quality. 

Perhaps you are a Do-it-Yourself type and decide 
that those nocturnal drips from the water tap could 
be stopped if you fitted a new washer, instead of your 
wife, in desperation, having to call the plumber. 

It’s Saturday afternoon when you go to the iron- 
monger to spend your twopence. There are two iron- 
mongers; to which shall you go? The price and type 
of washer are likely to be the same. What decides 
you? You are now the customer; the position is 
reversed from what it has been all the week. 

This is where Quality Control, if used in_ its 
broader sense, starts. You remember having a pleasant 
word with the assistant in one of the shops—it rubbed 
you the right way. You don’t remember anything 
about anyone in the other shop. And so the first and 
all-important step from the shopkeeper’s point of 
view has been taken. You are in his shop. Until you 
are there, the quality of his product just doesn’t enter 
into it but the quality of his salesman does. That is 
a rough, simple example of selling something and 
underlines how vital are those factors which may have 
come about by chance, but without which no sale 
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could have been made. The lesson is, of course, that 
these things must not be left to chance; somebody 
must think about them and see that not only are they 
set on the right rails to start with, but are kept there. 

The factory’s side of Quality Control’s job is to 
see that an article satisfies the customer’s need at a 
price he will pay (here, “will” is a significant word; 
“can” should not be substituted). Let us take this 
to pieces and see what it means. 


specification 


We must find out exactly and carefully what the 
customer wants the thing for, how he is going to 
use it, whether it will be treated carefully or roughly 
handled, how many he is likely to want, how many 
other similar customers there are likely to be, and 
so on. 


design 


This naturally follows directly from the specifica- 
tion and some one must make sure that the design 
really does cover all the points. 

These early steps before manufacture are so 
important and so often not handled carefully enough 
that it is worth emphasising them. Useful thinking 
time here before manufacture starts saves the greatest 
amount of money in the end which, remember, all 
affects the price to the customer or the profit margin 
and so the money available for your salary. 

Every designer says to himself: “ Will it work? ”. 
But not all say: “Could I design it so that it could 
be made more easily?” or “Can it be inspected 
satisfactorily? ”. (We are not rambling off the subject; 
this is a Quality Control job.) 

All the subsequent departments or operations can- 
not be detailed here but the same kind of remarks 
apply on through Operation Planning, Programming, 
Production, Inspection (or rather, defect prevention), 
Testing, right on to Packing. 

So the general conception that control of quality 
is solely a new inspection technique goes right out of 
the window. It is true, however, that most of the new 
thought and practice has gone into defect prevention 
methods on the shop floor. 


what can be done about it? 


To arouse interest in reducing waste, saving money 
or making a bigger profit, is not difficult but it is the 
first essential step in persuading whoever it may be 
— even if it’s you—to do something about it. 

If the true money value of scrap and rework for 
the company, a department or even a component is 
worked out, it will probably be more than sufficient 
to arouse interest. It may well rupture blood vessels 
at the top of the tree. 

This is sure to start a chain reaction until everyone 
is involved. The shop will come back very fast and say 
that the machines are in poor condition (lack of 
planned maintenance and replacement); the drawings 
are draughtsmen’s dreams (lack of design for pro- 
duction); that perhaps commercial mild steel has 
come instead of free-cutting variety (lack of purchase 
control); and so it goes on, showing in practice what 


has probably been read with apathy that “ Quality 
Control is everyone’s business ”. 

However, as we have said, that is the first step. 
Now to the more difficult one of deciding what is 
the best way to do something about it. 

Whether the company concerned is large, with 
10,000 employees, or whether it is infinitely small, the 
one-man business, the facets of the problem are equal 
in number right through from the decision that a 
certain article shall be produced, to the size of nails 
to use for the packing case in which to despatch 
it and the organisation for after-sales service. 

For the big company, each facet or aspect is 
necessarily much more complex, but equally in pro- 
portion, correspondingly more minds can be brought 
to bear—more available “thinking hours”—so it is for 
all sizes of company a relatively equal problem. 

Quality Control or efficiency—it comes to the same 
thing — is the responsibility of management. It is 
delegated down through the various stages of com- 
mand, but the final responsibility comes right back 
to the Managing Director. Now, if he has ensured 
that every facet or job, no matter how small, has 
someone responsible for doing it and that there is a 
complete link system for feeding information forward 
from department to department and, also, in the 
reverse direction — this one is very often missed out 
and it’s vital so that lessons can be learnt from results 
and mistakes not repeated — then that company will 
be efficient and a high order of Quality Control will 
exist without the formation of any Quality Control 
Department or personnel as such. 

Having seen to the allocation of responsibility and 
the information link system, we are now faced with 
the human element and this is often the factor which 
brings into being separate Quality Control 
Departments, 

The Manager may have read some papers on 
Quality Control and start asking questions and for 
facts and figures — what is the scrap cost per operator 
per week, what is considered the optimum ratio of 
operators to inspectors, what is a “ Platykurtic 
Sampling Distribution Curve” or even, “ What do 
you think the term ‘ Quality Control’ means? ” 

The chances are that having failed to get answers, 
he will think that his shop and inspection staff could 
do with a refresher course in modern techniques of 
defect prevention. On further consideration, he 
realises that half his shop staff are too old to learn 
new tricks, so he forms a nucleus of intelligent young 
men, sees that they are instructed in the latest 
methods, shall we say, of product defect prevention, 
and lets them loose on the shop floor. When he has 
recovered from the avalanche of notices sent in 
by people who are not going to be told 
what they are doing wrong by anyone but their boss, 
he will wonder if he is on the right lines and whether 
there isn’t something in what they say. Of course 
there is—a man cannot work for two masters. 

However, one can rightly say that the Quality 
Engineer is a tool of management and with much 
diplomacy and pre-education they can get away with 
it up to a point, as very many firms do. 

(concluded on page 425) 
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Departure of Schofield Scholar 


Below: Mr. J. S. Hawkins, a Graduate member of the Derby 
Section of the Institution, is the holder of the Institution’s 
Schofield Scholarship for 1960 (value £750) and is now spend- 
ing six months in America working on his chosen project, the 
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study of site erection methods in the U.S.A. Mr. Hawkins, 
who is Personal Assistant to the Erection Manager at Messrs. 
Aiton & Co. Ltd., Derby, left the U.K. on 19th April, and in 
the photograph he is seen (centre) at Headquarters, bidding 
goodbye to the Secretary of the Institution, Mr. W. F. S. 
Woodford, and the Deputy Secretary, Mr. S. Caselton. 


Southampton Dinner-Dance 





Above: The Annual Dinner-Dance organised by the 
Southampton Section, and held this year on 5th April, at the 
Polygon Hotel, Southampton, was again a highly successful 
affair. In the group above, obviously enjoying the proceedings, 
are (from right to left): Mr. Harold Burke, Vice-President of 
the Institution; the Deputy Mayor of Southampton; Mr. 
Cedric Sumner, Southern Regional Chairman; Mrs. Burke; and 
Mrs. Sumner. 


Left: The President of the Institution, Mr. 
G. Ronald Pryor, accompanied by the Secre- 
tary, Mr. W. F. S. Woodford, and the 
Education and Technical Officer, Mr. F. W. 
Cooper, paid an official visit to the Glasgow 
Section on 15th March last. During the visit 
they were entertained to dinner by the 
Section Committee. This photograph of the 
visitors with the Committtee members 
includes (front row, left to right): Dr. C. 
Timms; Mr. F. W. Cooper; Mr. W. H. Marley 
(Section Hon. Secretary); Mr. G. Ronald 
Pryor; Mr. H. W. Townsend (Section Chair- 
man); Mr. W. F. S. Woodford; Mr. J. Menzies. 
(Back row, left to right): Mr. S$. Christie; 
Mr. T. H. Campbell; Mr. R. R. Ayton (Section 
Vice-Chairman); Mr. M. C. Timbury; Mr. 
G. V. Stabler; Mr. E. W. Bennett; Mr. G. P. 
Archibald; Mr. D. S. Nicol; Mr. J. R. Young; 
Mr. W. P. Kirkwood. 

















N 6th April, 1936, Mr. Stanley Caselton, then a 

young man of 18, joined the staff of The 
Institution of Production Engineers as Secretary to 
the late Mr. Richard Hazleton, first General Secretary 
of the Institution. 

Since that time Mr. Caselton has worked in almost 
every department of the Institution Headquarters, 
progressing steadily to his present appointment of 
Deputy Secretary, which he has held for six years. 
He has been closely concerned with the growth and 
development of the Institution and his work over 
the past 25 years has contributed in no small measure 
to the Institution’s advancement. 

In 1939, Mr. Caselton joined the Royal Navy and 
after a short period in the ranks was commissioned. 
He was engaged in active service at sea in many 
theatres of war, and at one period served in the 
Flagship of the First Battle Squadron, Eastern Fleet, 
under Sir James Sommerville. In 1944, he was 
appointed in command of one of H.M. Ships. Since 
the end of the War, he has continued to serve with 
the Royal Naval Reserve with the rank of Lieutenant- 
Commander. 

As an expression of appreciation of his loyal and 
efficient service, the Council of the Institution, at 
the April Meeting, asked Mr. Caselton to accept a 
silver tea service, with their best wishes for another 
25 years of happy service with the Institution. In 
making the presentation, Mr. R. H. S. Turner, Chair- 
man of Council, remarked that while Mr. Caselton 
undertook his duties in a most pleasant way, behind 
an unassuming manner lay great efficiency and 
strength of purpose. 

In thanking the Council, Mr. Caselton asked the 
Members to accept a new mahogany gavel and tablet 


Presentation to Deputy Secretary 


for the Council table, to mark the occasion. In 
expressing appreciation of this gesture, the Chairman 
observed that the tablet bore the inscription Dictum 
sapienti sat est, and hoped that future Chairmen of 
Council would bear this in mind. 


Staff Presentation 


Following the Council Meeting, a happy ceremony 
took place at Headquarters when friends and 
colleagues presented Mr. Caselton with an antique 
British naval sword. In making this presentation, Mr. 
F. W. Cooper, Education and Technical Officer, said 
it was intended that the gift should serve to remind 
Mr. Caselton not only of his years of service with 
the Institution, but also of his association with the 
Royal Navy and the Volunteer Reserve. 


The photograph below shows Mr. 


receiving the sword from Mr. Cooper. 


Caseiton 








Western Graduate Meeting 





The lecture meeting organised by the Western Graduate 
Section on 13th April last was preceded by a pleasant social 
occasion when members of the Senior Section and friends 
were entertained at a cocktail party. Among those present 
were (above, from left to right): Mr. J. Collins, a Past 
Graduate Section Committee Member; Mr. J. Glennie, Senior 
Section Committee; Mr. A. W. Hallpike, Sales Manager of 
Henly’s Ltd.; and Mr. W. E. Wright, Chief Planning Engineer, 
Bristol Siddeley Engines Ltd. The lecture, “Marketing the 
Mass-Produced Car”, was given by Mr. C. W. Edmunds, 
Sales Manager of M.G. Cars Ltd. 


Correspondence and comment on published Papers 
and matters of interest to production engineers are 
invited. 
Communications should be addressed to: 
THE EDITOR, 
“THE PRODUCTION ENGINEER,” 
10 CHESTERFIELD STREET, 
MAYFAIR, LONDON, W.1. 








news of members 





Mr. Eric R. Adams, O.B.E., Member, is now Works 
Manager of John Salmon Engineering Co. Ltd. 


Mr. W. T. Baird, Member, has now been transferred 
to the Armament Supply Department, to take up the 
appointment of Deputy Head of the Technical 
Branch (Engineering), Bath. 


Mr. S. R. Clegg, Member, has retired from the post 
of Chief Mechanical Engineer at Commonwealth 
Steel Co. Ltd., Waratah, Sydney, Australia. Mr. Clegg 
joined Comsteel in 1925 as a fitter and turner, and 
was appointed Foreman of the machine shop in 1926, 
where he rose to the position of Superintendent. He 
was appointed Chief Mechanical Engineer in 
1955, after holding for some years the post, of Works 
Engineer. In these two positions he was _ closely 
associated with and played a leading part in several 
major developments at Waratah. 


Mr. F. H. Cooper, Member, has been appointed 
General Manager of Best Products Ltd., Felixstowe, 
a subsidiary of A. C. Cossor Ltd. 


Mr. W. Hirst, Member, is now Chief Engineer at 
E.N.V. (Aycliffe) Ltd., Durham. 


Dr. T. U. Matthew, Member, has been appointed 
Director Manufacturing, Massey-Ferguson (United 
Kingdom) Ltd. Since 1955 he has been a Director of 
a number of other engineering and manufacturing 
companies in the Tube Investments Group and has 
also been responsible as Engineering Director of T.I. 
(Group Services) for consulting engineering services 
to T.I. Group Companies. Dr. Matthew serves on the 
Institution’s Education Committee, and is Vice- 
Chairman of the Birmingham Section Committee. 


Mr. J. Russell, Member, has now been appointed 
Managing Director of National Carbon (Eastern) 
L.td., Singapore. 


Mr. J. H. Bostock, Associate Member, has taken up 
an appointment with R. Hurst & Co. Ltd., Earls 
Colne, as Works Manager. 


Mr. Francis Bryen, Associate Member, has left Inter- 
national Computers and Tabulators Ltd. to join 
A.E.I. Hotpoint as Manager — Central Production 
Control, and is based at Peterborough. 
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Mr. M. P. Cecil, Associate Member, has relinquished 
his appointment as Chief Engineer, Cannon Rubber 
Manufacturing Ltd., and has taken up a position as 
Senior Operations Engineer with the Operations 
Group, Technical Department, British Oxygen 
Engineering Co. Ltd., Upper Edmonton. 


Mr. E. J. Hathaway, Associate Member, has taken up 
the appointment of Lecturer in the Industrial 
Design Department of the Central School of Arts 
and Crafts, Holborn. London. 


Mr. .J F. Heward, Associate Member, has been pro- 
moted to Senior Lecturer in Mechanical Engineering 
at the Borough Polytechnic, London. 


Mr. S. S. Jain, Associate Member, has been appointed 
as an Executive Assistant, Sales & Agency Depart- 
ment, Kilburn & Co. Ltd., Calcutta. 


Mr. R. F. Wholton, Associate Member, formerly 
Chief Draughtsman at Crowther Ltd., Thurmaston, 
Leicester, is now a Consulting Engineer. 


Mr. W. H. Busby, Graduate, has relinquished his 
position of Work Study Engineer with De Havilland 
Aircraft Co. Ltd., and has taken up an appointment 
as Assistant Engineer in the Research Department of 
Associated Electrical Industries (Manchester) Ltd. 


Mr. F. Caldwell, Graduate, is now a Senior Planning 
Engineer in the Radio Division of Standard 
Telephones & Cables Ltd. 


Mr. E. R. Marts, Graduate, has taken up an appoint- 
ment as Chief Work Study Engineer with Centrax 
Ltd., Newton Abbot. Mr. Marrs is a Past Chairman 
of the Coventry Graduate Section. 


Mr. J. A. Poole, Graduate, is now a Design Draughts- 
man with the Motor Gear & Engineering Co., Essex 
Works, Chadwell Heath. 


Members who change their appointments and/or their 

private addresses are asked to advise the Secretary 

as soon as possible, so that Institution records and 
address plates may be kept up-to-date. 














Obituary 


RICHARD KIRCHNER, M.1L.Mech.E., M.1.Prod.E. 


With the passing of Richard Kirchner, the Institution has suffered a great loss. His tragic death during 
the Easter holiday, at the early age of 53, whilst pursuing his hobby of sailing, has been a severe blow to his 
many friends throughout the engineering industry. 


Mr. Kirchner worked for the Institution in many ways since his election to membership in 1933. He served 
on Council for many years; he was a founder member, and for some time Chairman, of the Technical and 
Publications Committee; and for many years he was a member of the Committee of the London Section. He 
had the distinction of serving for two periods as President of that Section. 


In 1938 he was awarded the Institution’s Medal for the best Paper presented by a member during that 
year. 


Without doubt Richard Kirchner was an individualist, holding quite dogmatic views on various subjects. 
But although an individualist, he was not out of tune with his fellow-men, and fitted into our normal social and 
business lives — he was, indeed, most popular. His strongest views were on those subjects about which he 
knew most, and were invariably expressions of good commonsense and well worth listening to. 


His activities outside the Institution included work for The Gauge and Tool Makers’ Association. A 
founder member of that body, he was for 10 years the Honorary Treasurer of the Association until he became 
a Vice-Chairman in December, 1956. In December of Jast year, he was appointed a Vice-President of the 
Association. 


In business he was well respected and became Deputy-Chairman and Joint Managing Director of Arnott 
& Harrison Ltd. and was also a Director of associated companies. Joining Arnott & Harrison as a milling 
machine operator in January, 1928, his abilities were quickly recognised. He was promoted to the position of 
the Company’s first draughtsman and had the task of building up a drawing office. Later, he was appointed 
Technical Manager and rose to his ultimate high position in the Company. 


Mr. Kirchner was also a member of The Institution of Mechanical Engineers. 


Those of us who knew him well have lost a good and generous friend, and will miss his particular type of 
humour which he so often used to good effect. A fine character and loyal friend, Richard Kirchner will be 
greatly missed by all who were close to him. 

R.J.H. 








DIARY FOR 196! 


JUNE 14... was dae The 1961 Viscount Nuffield Paper, University of Bristol. 


Speaker: Sir Willis Jackson, Director of Research and Education, A.E.I. 
(Manchester) Ltd. 


Subject: “ Some Human Aspects of Engineering Progress ” 


JUNE 27 - 30 see ea B.C.A.C. Conference, Harrogate. 
Theme: “ Automation, Men and Money ” (see Journal Supplement) 


AUGUST 29 - SEPTEMBER 1 Summer School, Cranfield (see Journal Supplement) 


OCTOBER 17 one = The 1961 Sir Alfred Herbert Paper, London. 
Speaker: Mr. David Donne, Charterhouse Industrial Development Co. 
Subject: “ Finance in Industry ” 


NOVEMBER 1 = als Annual Dinner, Dorchester Hotel, London. 
Principal Guest: The Rt. Hon. the Viscount Chandos, P.C., D.S.O., M.C. 


NOVEMBER 3-4 ... we Materials Handling Convention, London. 
Theme: “ Profit by Handling ” 





NEW BRITISH STANDARDS 





Copies of the following British Standards, recently issued, may be obtained from 
the British Standards Institute, 2 Park Street, London, W.1, at the prices stated. 


B.S. 2136 : Fixed metallised-paper dielectric capacitors for 
d.c. operation for use in tele-communication and allied 
electronic equipment, 12s. 6d. B.S. 2136: Part 1: 1961 
General requirements and _ tests. 


B.S. 2899: Rubber insulation and sheath of electric cables. 
B.S. 2899 : Part 2: 1961 Silicone rubber insulation. 3s. 


B.S. 2971 : 1961 Class II metal-arc welding of steel pipelines 
and pipe assemblies for carrying fluids. 12s. 6d. 


B.S. 3250 : Method for thermal testing of domestic solid 
fuel burning appliances with convection. B.S. 3250: 
Part 2: 1961 Hood method. 7s, 6d. 


B.S. 3338 : Methods for the sampling and analysis of tin 
and tin alloys. B.S. 3338: Part 3: 1961 Determination 
of antimony in ingot tin (Photometric method). 3s. 
B.S. 3338: Part 4: 1961 Determination of copper in 
ingot tin and tin-lead solders (Photometric method). 3s. 
B.S. 3338 : Part 5: 1961 Determination of lead in ingot 
tin and tin antimony solders (Photometric method). 3s. 
B.S. 3338: Part 6: 1961 Determination of copper in 
high purity ingot tin (Photometric method). 3s. B.S. 3338: 
Pari 8 : 1961 Determination of bismuth in ingot tin, tin- 
lead solders and white metal bearing alloys (Photometric 
method). 3s. 


B.S. 3346 : 1961 Armoured PVC-insulated cables. 8s. 6d. 


B.S. 3349 : 1961 Protective canvas sheets for overhead work 
in non-corrosive atmospheres. 4s. 6d. 


B.S. 3350: 1961 Method of measurement for surgical 
footwear. 4s. 


B.S. 3351 : 1961 Piping systems for the petroleum industry. 
30s. 


B.S. 3360 : 1961 Copper conductors in insulated cables and 
cords. 7s. 6d. 


B.S. 3361 : 1961 Copper conductors in insulated cables and 
cords (metric units). 7s. 6d. 


B.S. 3363 : 1961 Schedule of Jetter symbols for light current 
semiconductor devices (mainly for use in catalogues and 
similar technical literature). 5s. 


B.S. 3367 : 1961 Fire brigade rescue lines. 5s. 
B.S. 3369 : 1961 Unified miniature screw threads. 5s 


B.S. 3379 : 1961 Flexible load bearing urethane foam com- 
ponents (polyether type) for vehicles. 6s. 


REVISED BRITISH STANDARDS 


B.S. 838: 1961; B.S.1014: 1961; B.S.1134: 1961; 
B.S. 1296 : 1961; B.S. 2004 : 1961. 
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NEW AIRCRAFT STANDARDS 


B.S.G 177: 


1961 Nyvin type electrical cables for 
aircraft. 15s. 


REVISED AIRCRAFT STANDARDS 
B.S.3L34: 1961; BS.3L44: 1961; B.S.21 62: 1961. 


AMENDMENTS TO AIRCRAFT STANDARDS 


B.S. A 31-54/PD 4065; B.S. A 122-A 124/PD 4088; B.S. J 
10/PD 4113; B.S.5 SP 4/PD4083; B.S.2 SP 7/PD 4084; 
B.S. SP 8/PD 4085; B.S. SP 33-39/PD 4086; B.S. SP 86/PD 
4087; B.S. 2 SP 101-104/PD 4079; B.S. SP 113/PD 4080; 
B.S. SP 114/PD 4081; B.S. SP 119 and SP 120/PD 4082. 


AMENDMENT SLIPS 


Please order amendment slips by quoting the reference 
number (PD...) and not the BS number. 


B.S. 153 : Part 3A/PD 4070; B.S, 153 : Parts 3B and 4/PD 
4071; B.S. 351/PD 4092; B.S. 535/PD 4073; B.S. 731 : Part 
1/PD 4074; B.S. 883/PD 4066; B.S. 1793/PD 4091; B.S. 

2051 : Part 2/PD 4078; B.S. 2491 : Part 1/PD 4067; BS. 

2879/PD 4076; B.S. 3128/PD 4100; B.S. 3251 PD 4093; 

B.S. 3260/PD 4095; B.S. 3261/PD 4096; B.S. 3289/PD 4102; 

B.S. 171/PD 4108; B.S. 764/PD 4123; B.S. 1195/PD 4099; 
B.S. 1539/PD 4126; B.S. 1598/PD 4119; B.S. 1633/PD 4105; 
B.S. 1672/PD 4107; B.S. 2562/PD 4130; B.S. 2767/PD 4118; 
B.S. 2942/PD 4128; B.S. 3030/PD 4109; B.S. 3117/PD 
4094; B.S. 3241/PD 4132; B.S. 3257/PD 4131. 


STANDARDS WITHDRAWN 


B.S. 1428: Part A3: 1952 Microchemical apparatus. 
Halogens and sulphur combustion train (Pregl). 

B.S. E24: 1957  Nyvin type electric cables for aircraft 
(replaced by G 177: 1961). 


ISO RECOMMENDATIONS 


ISO/R105 Tests for the colour fastness of textiles. 
£1 13s. 9d. 


ISO Recommendation R131 Expression of the physical and 
subjective magnitudes of sound or noise. 3s. 5d. each. 


ISO/R 130 Colour identification of mechanical control 
circuits for aircraft. 5s. 8d. 


ISO/R 137 Determination of wool fibre diameter-projection 
microscope method. 6s. 9d. 


ISO/R 138 Universal yarn count system. 2s. 3d. 

ISO/R 139 Standard atmospheres for conditioning and for 
determining the physical and mechanical properties of 
textiles. 2s. 3d. 

ISO/R 145 Wrapping test on steel wire. 2s. 3d. 


ISO/R 161 eo of plastics materials for the transport of 
fluids. 2s. 3d. 
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MEDIUM SIZED WORKSHOP 


THE ATLAS COPCO COMPRESSOR TT6 


Developed from the famous VT portable compressors, the Atlas 
Copco TT6 is a compact, heavy-duty machine for round-the-clock 
operation where there is a moderate but continuous demand for 
compressed air. 

The compressor is a single-acting, two-stage machine with 
air-cooled cylinders and intercooler. It is built for a normal work- 
ing pressure of 100 p.s.i. and has a free air delivery of 141 c.f.m. 


NO FOUNDATIONS NEEDED. The TT6 and its electric 
drive motor are mounted on ‘Metalastik’ bonded rubber feet. 
This eliminates the need for foundations as the compressor can 
be placed directly onto concrete floors. The TT6 can also be 
moved from place to place as circumstances dictate. 

Like the VT portables, the TT6 combines an outstanding 
power/weight ratio with a basically simple design which ensures 
reliable service and easy maintenance. The TT6 is a sound in- 
vestment for medium-sized or small-but-growing companies. 


AUTOMATIC CONTROL AVAILABLE. Available as an 
optional extra, the Atlas Copco Regulator allows the TT6 to be 
run with standard valve unloading system or as a fully automatic 
stop-and-start unit. 


WRITE FOR THE LEAFLET Atlas Copco leaflet E1207-1 gives full details of the 
TT6. It is freely available on request from the address shown. 


ATLAS COPCO (GREAT BRITAIN) LIMITED 

Maylands Avenue, Hemel Hempstead, Herts. Tel: Boxmoor 6040 

Sales and service depots: LONDON - BRISTOL - CARDIFF - LICHFIELD 
LEEDS - MANCHESTER - NEWCASTLE - GLASGOW .- BELFAST - DUBLIN 


HERE’S AIR POWER FOR THE 
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ERE ERR 70 junior 7’centre lathe 


at Donald Ross & Partners Ltd... 


a subsidiary of Murex Welding Processes Ltd 


The modern factory of the above Company at Crawley exemplifies progressive 
thought in design and layout. Careful thought was also given to the selection 
of plant and equipment for this factory. A ‘70 Junior’ Lathe was chosen for the 
Turning Section — a choice which has been justified by performance. 


WAKEFIELD ROAD 


WOODHOUSE & MITCHELI | BRIGHOUSE YORKS 


PHONE :— BRIGHOUSE 627 (3 LINES) 
GRAMS:=“*WOODHOUSE BRIGHOUSE’ 


WM.34 
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CASTROL INDUSTRIAL OILS 
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18 Station Transfer machine working on parts for new Anglia gearbox 


@0Q6 use HYSPIN 


Hydraulic Oils 


The Hyspin range of fully additived hydraulic oils combines all those 
features which mean optimum performance and long life. There is 
also a fire-resistant grade of Hyspin which is highly efficient and 
economical in use. 





CASTROL INDUSTRIAL LTD - CASTROL HOUSE - MARYLEBONE ROAD - LONDON 
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Talk to Sykes about the VIOB 
41 gears in 59 minutes 








... you would probably be quite satisfied if you produced 
these 41 gears in the time stated. With the VIOB Vertical 
Gear Generator (Basic model) we promise you more than 
that ... you can set the machine, size the first gear and cut 
the remainder of the batch... in less than an hour. 


If you would like to know more about the remarkable savings 
which the VIOB can effect on setting and cutting times on 


batch production write for a copy of brochure P18/60. 














22 teeth, 16 D.P. 13/16 in. 
face width, E.N.8.Steel. 











W. E. SYKES LIMITED . STAINES . MIDDLESEX . ENGLAND 


and associated companies: 


Sykes Tool Corporation Ltd., Windsor, Ontario, Canada. Sykes Machine & Gear Corporation, 
Detroit, Michigan, U.S.A. W. E. Sykes Ltd., Mascot, Sydney, NSW, Australia. 











REGIONAL HONORARY SECRETARIES 


J. Keightley Northern Ireland ... J. G. Easterbrook 


East & West mages 


Eastern... eee A. B. Brook Scotland D. S. Nicol 
Midlands ... eee eee A. C. Turner South Eastern J. Aikman 
North Midlands ... ee J. Cox Southern J. W. Taylor 
Northern ... eee eee T. Young South Western A. Eustace 
North Western P J. P. Speakman Wales A. E. Haynes 








Adelaide (South Australia) ... 

Melbourne (Victoria, Australia) 

Melbourne Graduate aeons 
Australia) . 

Sydney (New, South Wales ) 


SECTION HONORARY SECRETARIES 


AUSTRALIA 


B. H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
A. G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 


G. E. Robert, 18 Rosaline Avenue, Mount Waverley, Victoria, Australia. 
K. G. Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


CANADA 
Canada A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 
INDIA 
Bangalore G. N. Advani, No. 3, Senior Executive Officers Quarters Hall, Old Madras Road, 
Bangalore 17, India. 
Bombay R. Rai, 85 Marine Drive, Bombay 2, India. 
Calcutta C. K. Haldar, Asst. Director General, Ordnance Factories, 6 Esplanade East, Calcutta, 1. 


New Zealand 


South Africa 


Birmingham ... 


NEW ZEALAND 
A. F. Noutch, 6 Trafalgar Road, Milford, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box. 10837, 
South Africa. 


UNITED KINGDOM 
W. Silberbach, 45 Bagnell Road, Kings Heath, Birmingham, 14. 


Cardiff A. E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 

Cornwall F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall. 
Coventry R. L. Aston, ‘Lanchester College of Technology Coventry, Priory Street, Coventry. 
Derby W. B. Radford, 15 Sherwood Avenue, Chaddesden, Derby. 

Doncaster G. R. Wimpenny 16 Tickhill Square, Denaby Main, Doncaster. 

Dundee A. J. Fraser, 51 Fintry Drive, Dundee. 

Edinburgh D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 C astle Street, Edinburgh. 
Glasgow D. S. Nicol, 14 Locherd Drive, Bearsden, Dunbartonshire, via G lasgow. 
Gloucester A. M. Blew, 38 London Road, ‘Cheltenham, Gloucestershire. 


Halifax & Huddersfield 
Ipswich & Colchester 


D. B. Verity, Kendoon, 168 Roils Head Road, Norton Tower, Halifax, Yorks. 
M. D. Blake, Davey, Paxman & Co. Ltd., Standard Ironworks, Colchester, Essex. 


Leeds J. Keightley, 42 Kingsley Avenue, Adel, Leeds, 16. 

Leicester & District . J. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 

Lincoln H. Wright, 101 Longdales Road, Lincoln. 

Liverpool S. Bateman, 17 Brooklet Road, Heswall Hills, Cheshire (Acting). 

London C. F. Weide, Messrs Vickers- Armstrongs Ltd., Crayford Works, Crayford, Kent. 

Luton J. F. W. Galyer, Engineering Department, Luton & South Bedfordshire College of Further 
Education, Park Square, Luton, Bedfordshire. 

Manchester J. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 


Newcastle upon Tyne 
Northern Ireland 


L. R. Douglass, Gateshead Technical College, Durham Road, Gateshead, Co. Durham. 
J. G. Easterbrook, “ Hilleen”, 22 Ascot Park, Knock, Belfast. 


Norwich J. I. Hilder, 2a Gorse Road, Thorpe, Norwich. 

Nottingham ... K. Liquorish, 28 Mona Street, Beeston, Nottingham. 

Oxford K. F. Watson, 30 Stanway Road, Headington, Oxford. 

Peterborough N. Holmes, “ Arncliffe””, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
Preston M. A. Goody, 1 Langdale Crescent, Ribbleton, Preston, Lancashire. 

Reading “a we P. J. Smallbone, ‘‘ Maryfield””’, Darlington Road, Basingstoke, Hants. 

Rochester & District W. G. Clements, 11 Charing Road, Gillingham, Kent. 

Sheffield ce W. Edwards, 2 Wollaton Drive, Bradway, Sheffield. 

Shrewsbury W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 

Southampton J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 

South Essex ... E. R. Easman, 4 Onslow Close, Chingford, E.4. 

Stoke-on-Trent W. Elliott, 1 Longview Avenue, Alsager, Stoke-on-Trent. 

Swansea C. L. Clarke, 11 Alder Road, Cimla, Neath, South Wales. 

Tees-Side W. Roberts, “ Rosecroft ’’, Thirsk Road, Yarm-on-Tees, Yorkshire. 

Western * A. Eustace, 19 Ferndale Road, Northville, Bristol, 7. 

Wolverhampton W. T. Vaughan, “ Windsor”, 19 Windermere Road, Tettenhall, Wolverhampton, Staffs. 
Worcester... eee see R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 








Birmingham ... J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 

Coventry N. A. Martin, 2 Home Farm Crescent, Whitnash, Leamington Spa. 

Leeds B. Noble, “‘ Laneside ’, 25 Intake Lane, Batley, Yorks. 

Liverpool S. D. Allanson, 27 Scargreen Avenue, West Derby, Liverpool, 11. 

London B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

Luton D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 

Manchester — T. A. Bainbridge, 7 Jubilee Milnrow Road, Shaw, near Oldham, Lancashire. 
Newcastle upon Tyne J. D. Rennison, 26 Kells Gardens, Low Fell, Gateshead, 9, Co. Durham. 
Rochester & District D. M. Samson, 123 York Road, Maidstone, Kent. 

Sheffield o. P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 

Western Se R. J. M. Watt, 19 Cranham Road, Henleaze, Bristol. 

Wolverhampton I. R. Jones, “ Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire. 


CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 15 Sha’anan Street, Ramat Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN FEDERATION OF RHODESIA AND NYASALAND 
R. P. W. Curtis, Copper Belt ‘Technical Foundation, Chingola, Northern Rhodesia. 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman: 
D. R. Stockdale, 12 Northwood Road, Hilsea, Portsmouth, Hants. 


Honorary Secretary: ; 
B. G. Cousins, Dept. of Industrial Engineering, Coliege of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman: 
II. Bond, Midland Electric Manufacturing Co. Ltd., Reddings Lane, Tyseley, Birmingham, 11 


Acting Secretary: 
Miss B. Trigg, 10 Chesterfield Street, Mayfair, London, W.1. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
D. E. Peerman, “ Oddywood,” Fox Close, Wigginton, Tring, Herts. 


Honorary Secretary: 
D. R. GC. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman: 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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Mobil Cutting Oils 


SPEED PRODUCTION 


Machine tool operation is daily becoming more 
complex ... more difficult. Industrial speed-up and 
continuous production depend on cutting oils 
designed to fit each individual job. 

Today Mobil Cutting Oils make hundreds of 
difficult cutting jobs possible. 

These special oils are helping to increase the 
efficiency of machining operations everywhere. 
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‘SNOW? SURFACE GRINDING 
Su? MACHINES 


for continuous and accurate production 















These vertical surface grinders are robustly constructed 
for the high-output production of flat surfaces on almost all 
types of material. They can be relied upon for maximum 
production with minimum down time for servicing and 
maintenance—requirements of particular importance in the 
motor industry. 

Available in a range of sizes with segmental grinding 
wheels up to 24 in. diameter and power of main drive motor 
up to 60 h.p. 


This Type V18 Snow 
Vertical Surface 
Grinding Machine 
installed at Fisher 
and Ludlow Ltd., 
Birmingham, is 
grinding the centre 
faces of rear axle 
casings. 


World Wide Distributors 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EOWARD HOUSE. NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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GEAR SHAPING MACHINES 
WITH AUTOMATIC LOADING 





for mass production 
of automobile gears 


These illustrations show two lines of 
Drummond No. 2A Maxicut Gear Shapers at 
the Austin Motor Co. Ltd., Birmingham. 
Machines in the top view are equipped with 
magazine loading and in the bottom illustra- 


tion swinging arm type loaders are fitted 


DRUMMOND BROS. LTD. 
GUILDFORD - ENGLAND 


Member of the Asquith Machine Tool Corporation 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 
Member of the Asquith Machine Tool Corporation 


KING EOWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Pmanes Centrai 0922 
0395 
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inet j _ re) ~ 350 TON COLD FLOW FORGING PRESS 








Now available for Early Delivery 


The illustration above shows this machine together with its hydraulic 
and electrical control units. Of 350 tons capacity it incorporates a 40 ton 
ejection cylinder. Designed for single cycle operation, the cycle times vary 
from 5 seconds minimum upwards depending on the working stroke involved. 
Control of the machine is electrical and each cycle is initiated by the closing 
of the press operating guard. Hi-Ton also manufacture a range of standard 
hydraulic bench and floor type presses from 1 to 350 tons capacity, automatic 
indexing presses and machines for many special presswork applications. 


Write today for full details of the type of press which is of interest to you, 
mentioning the application for which it would be required. 





Sales and Service for the British Istes 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EOWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centrai 0922 K 
HF464 
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for Versatile Production 


This single spindle chucking automatic is more versatile than 
a hand-operated machine, it does more complicated work— 
automatically. You complete more jobs on the 2AC, fewer 
second operations are needed and standard tool and machine 
functions will handle most work. 

Built-in rigidity and accuracy are features that ensure the 
holding of close tolerances and speeds and horsepower per- 
mit effective use of today’s most advanced cutting tools. 
Because of their fast set-up features batchwork can be prod- 
uced more profitably on an automatic basis. A 12” air 
operated chuck is fitted. 


The production example below demonstrates :- 


Late Cross Slide -a versatile machine function. 


Automatic Feed and Speed Changes permit multiple 
drilling the four holes. 


Threading Ability is shown. 


The Skip Feed feature saves cycle time when turning 
radially interrupted diameters. 


a ; WARNER 
British Built SWASEY 


Sales and Service for the British Isles 


DRUMMOND -ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM. Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
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7th EVROPEAN 





Machine Tool Exhibition 





3-12 SEPT < e 


(Open Sundays) 


BRUSSELS) 
1961 
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Intending visitors are strongly recommended to make hotel reservations 
as soon as possible. The appointed agents are Thos. Cook & Son Ltd. 


Copies of the official exhibition catalogue will be available in early August. 
Applications should be forwarded now to the Commissariat General de la 7eme 
Exposition Europeenne de la Machine-Outil, 13, Rue des Drapiers, Brussels, 5. 
At the same time a transfer of Belgian Frs. 100 to the General Commissariat's 
Account No. A.26/1617 at Banque de Bruxelles, Brussels should be arranged and 
confirmed to the Commissariat with your order. 


For all information apply to: 


The Machine Tool Trades Association, 


Brettenham House, Lancaster Place, London, W.C.2 
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CAPACITY IN HAND 


In keeping with the Allen West tradition, 


this new range of unit contactors, 


) 


Type UAC, has that significant 


‘> 
a 





extra, capacity in hand, the fruits 


« 


| 
| of 50 years’ experience with electric 





e motor control gear in all fields. 
Here is more than mere compliance 
with specification : here is a 
new high standard in workmanship 


and performance. 


Double-break silver-faced main and auxiliary 15A and 25A sizes now available ex stock 


contacts Write for descriptive leaflet 177/A/1-27 
Four electrical interlocks as standard 


“Clip-on” body for instant access; renewable 
without disturbing wiring (AY ALLEN WE ST 


Specially designed arc chambers to give ample 
breaking capacity 


ALLEN WEST & CO LTD BRIGHTON ENGLAND :- Telephone: Brighton 66666 - Telegrams: Control, Brighton 
Engineers and Manufacturers of Electric Motor Control Gear and Switchgear 
SUBSIDIARY COMPANIES IN CANADA, SOUTH AFRICA AND RHODESIA , AGENCIES THROUGHOUT THE WORLD 
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If you're struggling with a knotty spring 
or presswork problem, get on to Terrys! 
Our design and research staff will gladly 
help you out. But it’s better to call us in 
at the very beginning... at the blueprint 


stage. Then we may save you consider- 
able time and money. You get the full 


benefit of our specialised skill and 
experience right from the start and are 
sure of the most suitable springs or 
presswork for your particular purpose 
BH designed for utmost efficiency and 


reliability. Consult us at any time 
we are always at your service. 


TERRYS springs and presswork 


HERBERT TERRY & SONS LTD., REDDITCH, ENGLAND 
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GEAR 
MEASURING 








EQUIPMENT 











This series of advertisements is intended to show how attention to detail design backed by careful 


and precise manufacture has made Goulder gear measuring equipment first choice of buyers who 


appreciate these qualities. 








ELECTRONIC RECORDING USING AXIAL GAUGE 
HEAD WHICH CAN BE USED ON OTHER 
INSTRUMENTS WHEN REQUIRED 


PIVOT BEARINGS FOR 
SENSITIVITY AND ACCURACY 


PROTECTION AND EASE OF OPERATION 
THROUGH TRAVEL LIMITING DEVICE 


BUILT IN BIASSING THROUGH LEAF SPRING 
SIMPLE MEASURING PRESSURE ADJUSTMENT 
ADJUSTABLE BALANCE SPRING 
INTERCHANGEABLE STYLUS 


UNIT CONSTRUCTION FOR EASE OF MAINTENANCE 


ROBUST AND DUSTPROOF ASSEMBLY 


@ INVOLUTE TESTER 


INDICATING HEAD 


used on Goulder Nos. 1, 2 and 3 Involute 
Testers to measure deviation 


of profile from true involute. 


( 
Goulder J} THE NAME FOR ALL GEAR TESTING 





j. Goulder & Sons Ltd., KIRKHEATON, HUDDERSFIELD. Tel: Huddersfield 5252-3 


1G.15 











Speedier STAKING, RIVETING, 
CRIMPING, SWAGING, MARKING 


> 
°aae eh 


ELECTRQ)PUN 


These speedy, accurate, solenoid-operated . Bench 
Presses are invaluable on a host of light assembly 
operations. Simply operated by a touch of hand or 
foot, they deliver exactly the right impact required 
— from a few ounces to four tons. 

The versatile Electropunch increases productivity on 
all staking. riveting, crimping, swaging and marking 
operations. The Electrostake presses parts together 
before automatically staking. Illustrated is the 
Electrotable model combined with an Electropunch, 


the ultimate in efficient automatic operation. 
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PRECISION 


ARBOR PRESS 


Designed for accurate assembly work and 
similar operations, B.T.G. Precision Arbor 
Presses are produced in five sizes. The 
smallest and largest are capable of exerting, 
without deflection, ram pressures of 400 Ib. 
and 1,800 Ib. respectively. 


Fully illustrated literature on the Electropunch and Arbor Press is available on request 


BIRMINGHAM TOOL & GAUGE CO. LTD 


SOHO HILL, BIRMINGHAM, 19, and 26 HOLBORN VIADUCT, LONDON, E.C.1 
A Member of the DENBRO Group 














The Production Engineer 








The Production Engineer 


the 

finest 

lifting 

tackle 

inthe | 
a 


CONVEYORS (| “SKI-WRACKER” 


S a OVERHEAD 


HOISTS STACKING & 
icine ____ STORING UNITS 











of Stevenage 
Materials Handling Specialists 


REGISTEREO TRADE MARK 


Write for further details and illustrated literature to: 
GEO.W. KING LTD * ARGYLE WORKS (I/JP.E) * STEVENAGE * HERTS. Telephone: Stevenage 440 
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FOR CARBIDE TOOLS 
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A NEW RANGE OFFERING 


FASTER CUTTING ann 


LONGER LIFE. 


The fast, free cutting action and superlative finish they produce have been the 
pre-eminent qualities of Spedia Diamond Wheels since they were originally patented 


in 1932. 


Now, after long research into diamond composition, and bonding materials and 
methods a new grade of wheel has been evolved with substantially improved life. 





WICKMAN aul LIMITED 


MANUFACTURERS OF DIAMOND WHEELS 
SINCE 1932 


P.O. BOX 54, COVENTRY 
ENGLAND 











The range is described in a new catalogue 
now available ; Super Spedia Resin Bond 
Diamond Wheels, free on request. 





BRE SPEDIA — your choice for Life ! 
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BOC PROPANE MEANS 
POWER MORE WAYS! 


Cutting! Space-heating! Lighting! Fuelling! Four of the ways 
in which BOC Propane proves itself the most resourceful fuel 
in industry today. More and more uses are being discovered. 
BOC PROPANE IS VERSATILE. Highly efficient and economical. 
Clean, low in moisture and sulphur content. British Oxygen 
pioneered the industrial development of Propane. They have 
the experience, and the resources. Their experts advise how to 
use BOC Propane most efficiently. SUPPLY all the equipment. 
INSTALL bulk storage tanks free of charge. MAINTAIN them. 
DELIVER promptly anywhere in Britain by tanker and in 
cylinders. BOC PROPANE 


SOME WAYS == " SOME BOC BULK 
OF USING BOC PROPANE — oe PROPANE USERS 


Furnace-firing e Profiling * Stewarts & Lloyds (Pipework 
Flame-washing e Soldering i” Engineering Div.) e Glasgow 
Stress-relieving e Hardening % Thos. W. Ward e Newport 
Hand-cutting e Brazing : nencotie John Summers & Sons Ltd. 
Furnace atmospheres e Etc. wi Ce ome Snail Shotton 
4 Furness Shipbuilding Co. Ltd. 
Co. Durham 


BRITISH OXYGEN ARE 
PROPANE EXPERTS 


(@) THE BRITISH OXYGEN COMPANY LIMITED () 


@rt Industrial Department, Spencer House, 27 St. James's Place, London, S.W.1. Tel: Hyde Park 7090 
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GYLINDRIGAL 


GRINDING 


MACHINE 


SIZE RANGE 12" X 24" TO 12° X 72’ 














\ \ ESTABLISHED IN IN x99 / 
x Ne \ . ~= ae # of m4 


‘NEWALL GROUP SALES LIMITED 


\ PETERBOROUGH  dinenned 3227 ea Ree siniiindaes 4294 
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VISIT STAND BB 525 
INTERNATIONAL 
PLASTICS FAIR OLYMPIA 
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RIGISTERE:* TRADF MARK 





... abasic material for alimitless varisiy 
of uses. Light in weight, shock resis- 
tant, non-absorbent, dimensionally 
stable and mechanically tough, 
RALSIN is a polyamide to which 
designers are daily giving new, highly 
functional, immensely advantageous 
forms—as mouldings, as extrusions, 
as machined components and as a 
protective coating. 


Terminal blocks and gear trains, coil 
formers, thread guides, bushes and 
bearings, bottles, brushesand baskets, 
shoes and heel tips, tubes for a variety 
of purposes and food packs —all these 
and innumerably more are at their 
best in RALSIN. 


Informative publications are freely 
available on Ralsin. Let us know your 
particular interests. 
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WHIFFENS 


Y A member of the Fisons Group of Companies 
Y Willows Works - Derby Road - Loughborough - Leicestershire 
Telephone: Loughborough 3141 


Whiffen & Sons Ltd. are the sole agents for Ralsin in the United 
Kingdom, Canada, Australia and New Zealand. Distribution outside the 
United Kingdom through Fisons Chemicals (Export) Lid 
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David Brown MACHINES 


.. »With David Brown 
MEASURING EQUIPMENT 


... for best results ! 





A69 


Go-ordinated equipment 
for maximum 

efficiency 

on gear shaving 


All your gear shaving and testing equipment from 
one organisation. The perfect relationship in design 
and performance, giving peak efficiency at every 
stage. That’s the ideal for best results. 

And that’s what you get when you buy David Brown 
gear shaving and measuring equipment. 


David Brown are ready to prove it ! 


DAVID BROWN 
Bie 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


MACHINE TOOL DIVISION, BRITANNIA WORKS, 
SHERBORNE STREET. MANCHESTER 3 
Telephone: BLACKFRIARS 4711 


TOOL DIVISION, PARK WORKS, 
HUDDERSFIELD. 
Telephone: HUDDERSFIELD 3500 


OA/6409A 
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INDUCTION 
HEATING 
EQUIPMENT 


GENERAL 
PURPOSE 
FURNACES 








CONTINUOUS 
CARBO- 
NITRIDING 
FURNACES 





GAS 
CARBURISING 
EQUIPMENT 
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Every heat-treatment requirement of modern industry is met by the very wide 
range of Wild-Barfield equipment. 


Over 40 years’ specialist experience of building electric furnaces to the highest 
standards of workmanship has placed Wild-Barfield in the unique position of 


being able to offer an unparalleled service both in research and manufacture. 


ELECTRIC FURNACES 


FOR ALL HEAT-TREATMENT PURPOSES 
Backed by 40 years’ specialist experience 


WILD-BARFIELD ELECTRIC FURNACES 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD-BY-PASS, WATFORD, HERTS. Phone: Watford 26091 (8 lines) Grams : Elecfurn, Watford 
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PRAWV A: 


RAULIC 








FLOW CONTROL VALVES 
The Pratt range of Hydraulic Control Equipment 
is designed to meet the needs of every industry. 

Qualified Pratt Engineers are always ready 

to advise on equipment and circuits. 

FLOW CONTROL VALVES—Adijustable 3 cu. inches 

per minute to 10 gallons per minute. 

PRESSURE CONTROL VALVES—Pressure up to 

2,000 P.S.I. 

DIRECTIONAL VALVES—3 to 10 gallons per minute. 


PRATT PRECISION HYDRAULICS LTD 


HALIFAX - ENGLAND TEL: HALIFAX 66371/5 


A Subsidiary of F. PRATT & COMPANY LIMITED 
Famous for Workholding for 100 Years 











Youngman 
STANDARD TRAILERS 


NOW available in 

30 different capacities ' 
and deck sizes \) 
from | to 20 tons 
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Tap entering drilled hole. 
does not operate. 
Tap performs normally. 


Threading finished. Spring 


Tap withdrawing. BURR- 
exerts cutting pressure on 
BURR-BIT. 


BIT deburrs hole. 







SAVE time, floorspace, manpower; BURR-BIT 
eliminates an extra machine, functions only 
as the tap is being withdrawn. Wo extra 
power is used. 


CLEAN HOLES—BURR-BIT chamfers while the 
tap is withdrawing, burr is not pushed into 
the hole. 









COLLAR 
SET SCREW 


AIDS ASSEMBLY — BURR-BIT leaves clean 
thread lead. With burr removed parts are 
easily mated. 





BIT BODY SPRING 
(2 or 3 
Lip) 
BIT BLADE 
(Keep 


sharp for 
Fitted to the tap in best results 
seconds! Adjustable by grinding 
to suit thread depth. inside face) 











iN THIN MATERIAL — more full threads are 
left for gripping. BURR-BIT chamfers top j 





For use with standard 2, 3, or 
4 flute taps, on tapping machines, 
in tapping heads, on single and 
multi-spindle automatics, capstan 


and turret lathes. 


For most materials — steel, cast 


iron, aluminium, brass, copper, 


plastics. 





MADE BY B.S.A. SMALL. TOOLS LTD 
SPARKBROOK : BIRMINGHAM - ENGLAND 


SOLE AGENTS U.K. BURTON GRIFFITHS & CO. LTD. MONTGOMERY ST. BIRMINGHAM I! 





Literature on request 


thread only. For deep holes BURR-BIT is 
furnished with double conical spring. 


NORMAL OPERATION — BURR-BIT does not 
interfere with normal tapping or the accuracy 
of the tap. 





Patent 


applied for 





TEL VICTORIA 2351 
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Why waste water? RE-USE it! 


WHEREVER water is used to remove 
heat, a Heenan Water Cooler gives 
direct, continuous saving — because 
it permits the same water to be used 
over and over again. 

Constantly re-cooling and re-circu- 
lating the supply, it not only pays for 
itself very quickly indeed . . . it brings 


you immediate protection from such 





dangers as water shortage, loss of 
pressure, rationing (always possibili- 
ties during any Summer), and makes 
you practically independent of mains 
water supply. Our advisory service — 
with its long technical “know-how” 
in solving water cooling problems 
around the world — is always at your 


disposal. Call in Heenan & Froude. 


Remember — Thue, ca no tubotetieda, jor experitntl 








WATER COOLERS BY 











ENGINEERS, WORCESTER 
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with the Lapointe SBM 














This low-cost Lapointe surface broacher 
shortens the gap between 

the end of one run and the start 
of another. Push button controls, 
automatic lubrication and 

other typically Lapointe 
features make it ideally suited 
for small or large batch 
production ...make it the 

best value machine in its class. 
The SBM typifies 

the engineering skill and design 
that go into every 

Lapointe machine. Best results 
are obtained when equipped 

with Lapointe-designed 

fixtures and tools. 

















SBM Surface Broaching Machine 
Stroke sizes 24”, 36”, 48”. 

Standard equipment includes Hydraulic Pump, 
Flexible Coupling, Motorised Coolant Pump, 
Automatic Lubrication, Push Button Control. 


come to for better broaching 





British Made & The Lapointe Machine Tool Co. Ltd 


Otterspool Watford By-Pass Watford Herts 

Watford 31711 (4 lines) Cables: Lapointe Watford 
Subsidiary: Lennie & Thorn Limited Bracknell Berkshire 
also The Lapointe Machine Tool Company Hudson Mass. USA 











The Crawford Multibore Collet grips many sizes 
accurately and powerfully without slip, mark or distor- 
tion. Infinitely variable throughout its 1” capacity, a 
single Multibore replaces many conventional collets. 
Multibore Collets can accommodate any diameter 
between 14” and 2”, or metric and decimal equivalents. 
Also Hexagon and Square within its capacity. It is 
partnered in efficiency by the remarkable Crawford 
Hydraulic Chuck. 


Crawford Hydraulic 
Chuck 


With its own, self-con- 
tained hydraulic system 
free from any wear and 
tear or gears, toggles, 
balls or cams, it is the 
most powerful  dead- 
length chuck in_ the 
world. Send for descrip- 
tive leaflet today. 


CRAWFORD COLLETS LIMITED 


CS 
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MULTIBORE 


REPLACES 
MANY 


CONVENTIONAL 
COLLETS 


London Stockists : Acbars Limited, 16-18 Macleod Street, 
Walworth Road, London, SE17. RODney 7191 

Midland and North-West England Stockists : 

Retselp Engineering Ltd., Vulcan Road, Industrial Site, 
Lode Lane Solihull, Birmingham. Solihull 2239 

Agents for North-East England: Alfred Herbert Ltd., 
Carliol Square, Newcastle 1. Newcastle 28864 

Agents for Scotland: R. McSkimming & Co. 

65 West Regent Street, Glasgow C2. DOUglas 7391-2 


Witney : Oxon : Tel.: Witney 334 





ur The Production Engineer A77 


‘UNISTAT’ 


—- static type control schemes 


for all industrial processes 



























































7 Static 
Transistorised Amplifiers 
TT Logic Elements 
Sensing Uni 
Y Multi-motor 
_] Control Centres 
_——- > 4+ > 
-—--- > ° 





1 Y Static Variable 
Y Y _| Speed Drives 
Y Packaged 

Ward—Leonard 


























Y > ake a= > “| Controllers 





‘  ] . 
UNISTAT’ Contactless Sensing ‘UNISTAT’ contactless sensing devices and transistorised 
Devices and Transistorised logic elements include: 


Logic Elements provide a static method of 


signal origination, amplification, and electrical switching Limit, proximity and push-button devices 


for operations in the automatic sequencing and control Signal convertors 

of industrial processes. 6-input AND GATES and 6-input OR GATES 
Simple, robust and flexible, these units provide a high Power amplifiers 

degree of reliability and reduce maintenance requirements. Triggers 

Units are enclosed in a compound for protection against Memories 


the most arduous atmospheric and industrial conditions. 
Staticswitchingelements forcontrol schemes can be housed 
in ‘ENGLISH ELECTRIC’ Multi-Motor Control Centres. 


ON iee COntrol gear 


CONTROL GEAR DIVISION, KIDSGROVE, STOKE-ON-TRENT, STAFFS. Telephone: Kidsgrove 2141 
ess The English Electric Company Limited, English Electric House, Strand, London, W.C.2 


Time delays 
Power supplies 
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Telephone: POPesgrove 2206/9 Telegrams: 


On the Rolls-Royce a 


The Green, Twickenham, Middlesex 
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This is the pellet 

that locks the fastening 
permanently 

against shock and vibration; 
in any position; 

and without reducing 
its strength. 

Made of tough 

resilient nylon, 
Wedglok is quite 
unaffected by moisture, 
solvents, age, 

or temperatures 





between —70° 
and +250° 


Wedglok eliminates 
all auxiliary 

locking devices; 

it simplifies design; 

it cuts assembly time; 
it stays put. 















GKN WEDGLOK | 
a products include WEDGLOK 
K4 N | F 1 ( I 1 i Screws and Bolts and | 
K : WEDGLOK Nuts in a wide | 
variety of sizes. 


Guest Keen & Nettlefolds (Midlands) Ltd., Screw Division, Box 24, Heath Street, Birmingham 18, 
Telephone : Smethwick 1441. Telex 33-239 





S/WK/3827 




















Fixed in seconds— 
Last a lifetime 


Simply insert hose or tube 


l 

1 

l 

1 

1 

1 

1 

| 

1 
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| into Tubelock fitting, 
I 

| 
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hand-tighten locking nut and 
you have a secure, leak-proof 
joint in a matter of seconds. 
Tubelock fittings are 

just as easy to dismantle 

and can be used again 

and again. 





made with 
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frost-leak-corrosion-proof 


Arange cf patent Tubelock Free-End fittings for jointing 
normal gauge polyethylene tube is now being made 

with bodies in Rigidex the outstanding new polyethylene. 
The use of Rigidex for these unique fittings 

ensures their long life and trouble-free operation. 

In field or factory they stand up to constant use... 

are not affected by contact with soil acids or fungi, 

oils, grease or chemicals. Strong and rigid even in thin 
sections, Rigidex permits economies in material, 

giving dependable shape and function to good design. 

For more information about this profitable polyethylene 
please write for Booklet No. 354. 

Rigidex is a reg’d trade mark of British Hydrocarbon Chemicals Ltd 

and one of the products they manufacture at Grangemouth. 


Tubelock Free-End fittings, incorporating Rigider, 
are made by Hozelock Limited, Haddenham, Bucks. 





Sole Selling Agents 











British Resin Products Ltd 





A COMPANY IN THE 
DISTILLERS PLASTICS GROUP 











SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON Wl HYDE PARK 0151 









BV 28 — 29 in 


BV 32 — 32i 
New models BV 32 — 32 in SWING OVER BED 





24 speed headstock 

49-400 or 75-600 r.p.m. 

Helical final drive to spindle 

48 change feed/screwcutting gearbox 


Optional extras include 

@ /2 belt spindle speeds of 100-800 r.p.m. 

@ Power feed to 360 deg. swivelling tool-slide 

@ Quick power traverse of carriage and cross-slide 


CENTRE LATHES FROM 17 in (430 mm) 


TO 42 in (1065 mm) SWING 5 
acnsieitns iia adidas dh. te a DENHAM’S ENGINEERING CO. LTD. HALIFAX, ENG. 


(430 mm) AND 25 in (635 mm) SWING MEMBER OF THE CHARLES CHURCHILL GROUP OF COMPANIES 
LATHES FOR SPECIAL PURPOSES / MATERIALS 
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‘Harco’ Machinery Guards are purpose 
made for every type of machinery, and 
are constructed to afford complete pro- 
tection without interfering with efficient 
operation. They are strongly made from 
stout wire mesh, and fully conform to 
Factory Act requirements. 

The complete Harvey service covers 
advice, design and installation, and List 


No. 996 shows many types already 


supplied. 


HARVEY | 
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at a distance 


That distance, whether it be governed by steel 


bars or wire mesh, can represent the difference 


KYRAS! 


between safety and serious injury. Machinery 
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and tools—often running at high speeds—can 





be as productive of danger as any wild animal; 
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and it is only good sense to cut this risk by 


pict atigh® 


using efficient and properly designed guards 


and fencing. 
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‘HARCO? 
MACHINERY GUARDS 
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Other HARVEY Facilities and Products: PERFORATED METALS - WOVEN WIRE - WIREWORK 
OF ALL KINDS GALVANIZING STEEL SHELVING AND STORAGE BINS - BAR AND 
TUBE RACKS - FABRICATIONS IN ALL METALS + MACHINING AND FITTING 


G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7 
Telephone: GREenwich 3232 (22 lines) wwhn 
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SLOTTING MACHINES 


ORMERO with adequate power and 


rigidity for Heavy Duty 


































* A High Production Machine 


Powerful and Precise 
* Variable stroke up to 13” 


* Automatic feeds to all 


table motions 
* Automatic lubrication 


* Optional features include:- 
Rapid Power Traverse, 


Canting Table, etc. 


LIST SL9 WITH FULL DETAILS ON REQUEST 


A range of 
Slotting Machines 
is available from 
4" to 26" stroke 


A 13” Heavy Duty Slotting Machine 


OIRIMUSIRO!D SHAPERS LTD. Member of the Asquith Machine Tool Corporation 


HEBDEN BRIDGE, YORKS, ENGLAND Telegrams : ‘Shapers’, Hebden Bridge. Telephone : Hebden Bridge 17 and 3/3 
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Smart & Brown 
(machine tools) Ltd. 


Manufacturers of high precision 
lathes announce a new... 


pipe 
screwing 
machine 





The machine is designed for pipe, conduit, bolt or bar work, on 
site or in the workshops, and is furnished with tangential die- 
head, sine bar, cutting off, de-burring and built-in grinding 
attachments, coolant pump and fittings. 

The machine has a capacity up to 2” and suitable for the 
following:— 

B.S.P. — 2" to 2” U.N.C.— 3” to 13” 

AN.P. — 3” to 2” U.N.F.— 2” ta 13” 

A.P.I. —}" to 2” Whit. — 2” to 14” 
Conduit—}"to2” B.S.F.— 3" to 13" 






Receder heads extend capacity up to 8” B.S.P. 


Smart & Brown (machine tools) Ltd. 


25 MANCHESTER SQUARE - LONDON :- W.I 
MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 


Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 


MAP IFSI 
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Model 1590—90 mm. Centre Height. 
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Putra) micro lathes 


The Pultra Capstan Lathe 

is also available in 50 and 70mm. 

centre heights and can be supplied 
as Toolroom, General Purpose and 
Production models. 

Lathes can be equipped to your 


requirements from the standard units. 


PULTRA LIMITED 


25 MANCHESTER SQUARE -. LONDON .- W.1. 
Telephone: WELbeck 7941-5 Cables: Smartool, Wesdo, London 


Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
NRP 3472 
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No need for additional 
machines and extra floor space 





DIMENSION 
INDICATORS 





* Reduce stoppages 
for measurement 
after each cut. 


* Increase machine 
utilisation and 
output. 


* Reduce setting 
errors. 


* Direct readings of workpiece 
dimensions give greater speed and 
accuracy. 


Full technical details on request 


English Numbering Machines Ltd. 


Dept. 3K - QUEENSWAY - ENFIELD - MIDDX - HOWard 2611 (5 lines) - Grams: Numgravco, Enfield 





The 
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for Ground Thread Taps 


C. E. JOHANSSON LTD. Specialists in Threading and Precision Measurement 
SOUTHFIELDS ROAD - DUNSTABLE - BEDS TELEPHONE: DUNSTABLE 62422 


DHB 7373 
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One overhead crane serves 40,000 sq. ft. 
with loads of up to 5 tons 


ee 





Areas of almost any size, with a span of up to 200 feet, can be served with 
a single long span Underslung Crane from British MonoRail. Loads of up 
to § tons can be moved with precision to any point in any place within a 
factory’s cubic area. These long span cranes need little headroom, and are 
light and flexible to handle. Their versatility and power of coverage lift 
awkward handling problems of every type from the factory floor. 


More advantages of MonoRail Underslung Cranes. All materials and track specially 
developed for the job. Rubber-tyred crane drive eliminates track wear. Standard track 
flange width. Wide range of interlocks, switches and lifts gives free flowing movement in 
all directions. 


A complete Overhead System. Long span Underslung Cranes are only part of the 
complete MonoRail handling and transfer system which can be tailored for every need, and 


After a survey of your plant, we produce a 
tailor-made plan. This and theestimatearefree. which will enable the load to be transferred beyond the crane area to any part of the factory. 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 


BRITISH MONORAIL LIMITED . WAKEFIELD ROAD - BRIGHOUSE - YORKS . TELEPHONE: BRIGHOUSE 2244 


A member of the Herbert Morris Group of Companies TGA BM6 
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Across 
new 


frontiers 








ADVISORY SERVICE : 

Radyne Ltd are leaders not only in the theory 
of induction heating but also in the best 
ways of using it in practical, down-to-earth 
industrial problems. We will be happy to dis- 
cuss your problems without obligation. 


Please use the coupon below. 


A line of R.F. induction heaters in service with 
the Ford Motor Company, Basildon, Essex. 








ne 
RADYNE 
— a 


REGISTEREO TRACE MARK 


IMPROVED 
METHODS OF 
INDUCTION 
HEATING 


Many high production processes are best 
carried out by radio frequency heating . . . best 
because of its inherent controllability; best for 
blunt indisputable facts of economics. 
INDUCTION HARDENING 

R.F. heating will harden components locally 
with the greatest precision, and is far quicker 
and cheaper than conventional methods of 
surface hardening, localised through harden- 
ing, and tempering. 

SOLDERING AND BRAZING 

Soldering and brazing by induction are quicker 
and cleaner than by conventional methods. 
Localised heating restricts the flow of solder 
to the joint area. Both parts to be joined are 
raised to working temperature together. Scale 
and discoloration are reduced to a minimum. 
THROUGH HEATING 

In forging, stamping, and other processes, 
rapid through heating to forging temperature 
saves time and space, reduces scaling and in 
consequence wear and tear on dies, improves 
dimensional accuracy, and gives better work- 
ing conditions. 

ANNEALING 

Localised annealing between processes can be 
carried out with greater speed and control by 
induction methods than by any other. 
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RADYNE 
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WOKINGHAM BERKS ENGLAND 
TELEPHONE: WOKINGHAM 1030 

(12 LINES) 
CABLES: RADYNE ENGLAND 


of induction heating 











| am interested in the industrial applications 
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CUT 
PRODUCTION 






Here’s a two-way plan that 
will cut to a fraction the 
time and expense of lapping 
parts in steel, monel, 
bronze, cast iron, quartz, plastics, etc. If your 
production volume warrants it, invest in a 
LAPMASTER-—an automatic precision mach- 
ine for the high-speed, low-cost lapping of all 
materials in any quantities. It will literally 
pay for itself many times over in a matter 
of months. For smaller quantities let the 
LAPMASTER JOB LAPPING SERVICE look 
after all your lapping requirements. 

Whichever method you adopt you'll get 
greater precision, improved product perfor- 
mance and a substantial reduction of your 
production costs. 


PROOF POSITIVE! 


Why not send us a batch of parts with your own 
accuracy specifications? We will lap them to your 
requirements and return them to you quickly with 
accurate data on production time and a cost 
quotation which will certainly interest and 
probably surprise you. 


TOPOS TING, . 
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The popular 
Lapmaster 24’—for 

parts up to 9}* 
diameter. 


A set of technical 





booklets will gladly be 
sent on request. 





LAPMASTERS (12’, 24’, 36’, 


48',72’and84")areaccurateto PAYNE PRODUCTS INTERNATIONAL LIMITED 
within onelight band (*0000116’) 

and produce a surface finish Head Office & Works: BUCKINGHAM AVENUE, TRADING ESTATE - SLOUGH - BUCKS 
from 1 to S micro-inches or to Telephone : Slough 26741/4 Grams: Paynpro, Slough 
your own requirements. They 
will lap from a turned face, mil- 
led face or even straight froma 
casting if of a precision nature. 


Sales, Service & Job Lapping facilities also at : 
Blackbraes Road, Nerston Industrial Area, East-Kilbride, Glasgow. 
Moll Springs, Netherton, Nr. Huddersfield, Yorks. 











TI 





nn 












The Production Engineer 


eeere er atete 


() OPTICAL 
DIVIDING 






“Y 


wo 
















































| COMBINING HIGHEST PRECISION 
| WITH ROBUST CONSTRUCTION 
, 
' 0.D.H. MOUNTED 
‘ ON SINE TABLE 
, 
MAIN DIMENSIONS 
Height of Centres 48” (117.5 m/m.) 
Centre Distance (on Base) _ 112” (280 m/m.) k 
j Size of Face Plates iss 7%” dia. (190 m/m.) f 
Size of Centres. sesscnssesenssesereseeesenseee--. NO. 2 Morse Taper 
WEIGHT OF HEAD 42 Ibs. 
} 
Combining the following features : 
' Dead centre, adjustable drive for 
‘ zero settings, large vernier screen 
reading direct to 6 secs. (estima- 
tion 3 secs.) and conforms to 
N.P.L. Specification MOY/SCMI/ 
56. Patent 599708. 
| 
0.D.H. mounted on 
! JONES & SHIPMAN 540 
Grinding Machine, 
; controlling serrations 
| held to a tolerance of 
J 


0:0002" both for spacing 
and diameter 


PRECISION GRINDING LTD 


MILL GREEN ROAD - MITCHAM - SURREY Phone: MITCHAM 30/4 
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That you can get higher production with better 
finish at lower cost on vertical spindle, 










segmental surface grinding. By changing to 
ALOXITE vitrified segments, it was possible 
to reduce the abrasive cost of grinding these 
spanners by more than 5%, — this is quite an 
item when you’re grinding in quantities such 
as our customer does. And look at the finish! 





















Here are the production figures: 


COMPONENT GROUND 


Open-end spanners, 11° long x |! and 
$ Whit. 

MATERIAL 

EN47 chrome vanadium alloy steel. 
ABRASIVE 

Segments AA46 — J5 — VL. 

NUMBER GROUND 

200 dozen spanners per set of segments. 
ABRASIVE COST 

0-725 pence per dozen. 








* 
CARBORUNDUM can help you to achieve this 
kind of production and economy. And not 
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only on segmental grinding. Whatever your 





grinding process, whatever your problem, we 
have experts who can advise on the best and 


' 
wil» 
| id most efficient use of abrasive materials. 
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Write and ask for a representative to call. 
e 
ALOXITE is a registered trade mark of the 
Carborundum Company Limited. 


, —. 


BONDED THE CARBORUNDUM COMPANY LTD 
pons TRAFFORD PARK, MANCHESTER 17 


Telephone: TRAfford Park 2381 Telegrams CARBORUND. TELEX. MANCHESTER 
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If you want to know more about the Gj K4N spark machine write to our U.K. agents 


M. C. LAYTON LIMITED, ABBEY WHARF, MOUNT PLEASANT, ALPERTON, WEMBLEY, MIDDX 
RUDKIN & RILEY LIMITED, CYPRUS ROAD, AYLESTONE, LEICESTER 
ALFRED HERBERT LIMITED, P.O. BOX 18, RED LANE WORKS, COVENTRY 


MANUFACTURED BY WELSH METAL INDUSTRIES LTD., CAERPHILLY, GLAMORGANSHIRE 
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for decoiling and 
rewinding 


This wide range of coil reels includes 
free running and motorised models for 
coils up to 48” wide and 15,000 Ibs. 
weight. Mandrel expansion can be hand 
or power operated 

Motorised machines have electric clutch 
and/or stepless variable speed control. 
Reels are available with lateral spindle 
adjustment, tensioning device, coil load- 
ing car equipment, and powered track 
mounting, 


PRESS EQUIPMENT LIMITED 


COIL REELS 






CHOPPERS 
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We also manufacture 


COIL CRADLES 
AND STRIP COIL CUT-UP 


STRAIGHTENERS LINES 











HUNTERS VALE, Birmingham 19 
Telephone : Northern 4823 











METAL CUTTING OILS . 
BROACHING OILS 
GRINDING OILS 
TAPPING OILS 
HONING OILS 


SOLUBLE OILS 
(Emulsion types 
Translucent types) 


DRAWING OILS 


HYDRAULIC OILS 
(Including 
Houghto-Safe 

Fire resistant types) 


QUENCHING OILS 
TEMPERING OILS 


LUBRICATING OILS 
AND GREASES 


eM 





When it’s a 
question of 
cutting oils 
and coolants 


the obvious answer is to call in Edgar Vaughan— 
a specialist firm with over sixty years’ experience 
in this field. 


The recommendation of suitable cutting oils 
and coolants is undertaken by an experienced 
staff who are fully equipped to give production 
engineers the benefit of an intensive research 
and technical service, without obligation. 


Informative literature is available on request. 





@ 


Vaughan 


€ Co. Lid. 


LEGGE STREET, BIRMINGHAM, 4 


Works and depots at : Birmingham, Manchester, Liverpool, 
London (Southall), Bristol and Glasgow. 


In association with the Houghton group of companies all over the world. 
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KNOW YOUR DIAMOND 


Diamond powder 


Tools with shaped diamond tips & 
are familiar to most production RY 
engineers. It sounds rather a 

tall order, though, to shape the hardest 

substance known. So it would be without diamond 

powder. From it are made the grinding wheels for the 
initial forming, and the lapping medium for the 

polishing operations. Without it, many other tasks would 
likewise be virtually impossible. The accurate manufacture 
of optical lenses, for example, or the preparation of 

hard metals, such as tungsten carbide, for dies or tool tips. 
Other important uses of diamond powder are in 

the production of diamond dies, used in wire drawing, 

and jewel bearings for watches and instruments. And much 
of our present-day metallurgical knowledge is gained 

from diamond-polished specimens for metallographic 
examination. We make the powder in 32 grades — 

particle sizes range from about 1.4 mm down to 0.0005 mm! 










Data sheets available 












L.M.VAN MOPPES & SONS (oumono toos) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 








TELEPHONE: BASINGSTOKE 1240 - TELEGRAMS: DIATIPT, BASINGSTOKE 





The reduction of noise is a 
sound investment because it 

N oO ISE increases the efficiency of your 
workers. And the reduction of 

is ABSORBED vibration increases the effi- 


ciency and life of your 


THROUGH THE machinery. The Croid-Cooper 


method of machine fixing is 


CROID COOPER today’s method, where machines 
METHOD OF are simply stuck down on a 


felt base with a holding power 


MACHINE FIXING °% °°! t© the square inch. 


May we send you details? 


CROID 65 
MACHINE FIXING GLUE 


COOPERS 


COOPER & CO., (B’HAM) LTD. 
Head Office & Works: Brynmawr, Breconshire Tel. 312 
Branch Office & Works: Seeley’s Road, Birmingham, 11 

Tel. VIC 5417 
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THE NEW 


BARBER & GOLMAN 


PeaT WU R € GS 





* PRECISION SET-UP ADJUSTMENTS BARBER 
* WET OR DRY GRINDING COLMAN 
* ACCURATE INDEXING rng 
* PRECISION BUILT-IN WHEEL DRESSER 


* ADJUSTABLE HYDRAULIC TABLE SPEED 
AND STROKE 


* AUTOMATIC FEED AND INDEX COUNTING 
* UNIT CONSTRUCTION 


The new Barber-Colman No. 6-5 Hydraulic Sharpening 
Machine is a precision machine which controls index 
spacing, rake angle, lead of gash, and surface finish of the 
cutting tool to a degree which has never before been 
reached by any commercial sharpening equipment. 
Illustrated literature available on request. 


BARBER & COLMAN LIMITED 


RROOKLANT Hit Hil} 
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DEDICATED to your SERVICE 











problem presented 15 a problem solved — when placed before this organisation of 


technical specialists in metal cleaning and stripping. “S:A.C.” service 15 nation-wide 


—ihs representatives able to advise you on the spot — its recommendations backed by the most 
j 

up-to-date laboratory and manu acturing facilities. “SA.C.” processes cover every phase of 
} cleaning, servicing and protecting all metals during manufacture and maintenance. 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS + CENTRAL AVENUE + WEST MOLESEY - SURREY 
Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 


Manufacturers of 


STRIPALENE * FERROCLENE + ALOCLENE + FERROMEDE + BRAZOCLENE 
(Regd. Trade Marks) 


APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 


caw ov ow 
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MACREADY’ 






Cr o USAFLAT 


Bright Steel Square-edged flats of good commercial quality with sharp corners, 
parallel sides and perfect rectangular sections. 
Size range: width }” to 18”, thickness 7” to 3”. 


USACASE 


Carbon Case-hardening Steel Bars are supplied in Bright Drawn or 
Hot Rolled condition, conforming to British Standard 970: 1955 Specification EN32. 
Size range: width |” to 12”, thickness }” to 3” 


USAKEY 


Bright Drawn Carbon Key Bar B.S. 970: 1955 EN6A. Usakey is supplied in 
the form of Bright, Drawn Steel Bars complying with the material 
specification of British Standard 46: Part |: 1958 ‘Keys and Keyways’’. 
Size range #” x 3” to 2?” xl}. 


MACREADY?S§ metal comPANy LTD. 


USASPEAD CORNER, PENTONVILLE ROAD, LONDON, N.!I. 


Telephone: Terminus 7060 and 7030 (30. lines) Telegrams: Usaspead, London, Telex Telex No. 22788 








Continuous recovery 
of cutting oil with 
Sharples 


SIMPLY FEED OILY SWARF into the Sharples Ellerwerke Continu- 
ous Swarf Separator and separated cleaned dry swarf and recovered 
clean oil are discharged separately. This machine operates continu- 
ously and will handle very large quantities of swarf. 


PASS RECOVERED OIL through this Sharples Purifier to extract 
4 dirt and metal particles. Your cutting oil is then as good as new. 


Write for literature on treatment of swarf and cutting oil. 


SHARPLES 


Sharples Centrifuges Ltd., Tower Works, Doman Rd., Camberley, Surrey. Tel: Camberley 2601. "Grams: Superspin, Camberley 
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Or 
rigid 
precise 
filtering 
0 


Cleanable and almost everlasting. 

Bound Brook Sintered Metal filter elements are produced from 
spherical metal powders of closely controlled particle size, 

forming rigid porous metal structures with uniform pore dimensions. 
Such a metallic structure has obvious advantages : mechanical strength 
and resistance to impact under extremes of pressure and temperature; 
almost indefinite life; easy cleaning by washing or reversal of flow. 
Designed for such applications as flow control devices, flame 

traps, etc., Bound Brook Sintered Metal filters are available in the 
form of discs, plates, cones, hollow cylinders, etc., in six 

grades to suit specific conditions. Special shapes can be made 

to suit your requirements. 


~*~)» BOUND 
) BROOK 
—) BEARINGS LTD 


Trent Valley Trading Estate, 





Member of the 








Birtield Group 


Lichfield, Statfordshire. 


Phone: Lichfield 2027-8. Grams: BOUNDLESS, Lichfield. 
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CUT WITH A KNIFE BEND IT 


The Production Engineer 


“Done already, Dick?” 


“Yes... wiring doesn’t take long with Kopex, 
you know. Ever seen it? Look. It’s pliable. 
Just cut it, bend it and fix it. Marvellous.”’ 
Kopex Pliable Electrical Conduit. A significant 
advance in electrical wiring installations. 
Easily bent by hand, remains rigid after 
bending and can be shaped to any radius with- 
out distorting the bore. P.V.C. covered for 
protection against oil, corrosion and suds. 
Ideal for wiring machine tools and special 
purpose machinery in factories and chemical 
plants, etc. 

Kopex couplings are made in a variety of metals, 
and can be used with any standard electrical 
fittings, to make a rigid, permanent joint. Full 
technical information and prices on request. 


P.V.C. covered PLIABLE ELECTRICAL CONDUIT 
(also available without P.V.C. covering) 


UNI-TUBES LIMITED 

Head Office: 197 Knightsbridge, London, S.W.7 
Tel: KNIghtsbridge 7811/5 

Works: Alpha Street, Slough, Bucks. 

Tel: SLough 25476/8 


A member of SMITHS Group of Companies 





MICRO-FOG BEARING LUBRICATION 





A PROVED COST SAVER 


ECONOMIES YOU GET WITH NORGREN 
Automatic and continuous lubrication. Hand 
oiling eliminated. Lubricant consumption 
greatly reduced. Uneven bearing wear 
eliminated, Helps keep work area cleaner. 


A typical example of how Norgren MICRO-FOG 
Lubrication has lowered bearing temperatures as 
much as 50°F. and reduced oil consumption by 
66%. A Norgren MICRO-FOG Lubricator creates 
a fog of extremely fine particles of oil that can 
be distributed through low pressure air lines to 
satisfy all lubrication needs on the machine. 
MICRO-FOG eliminates sumps, pumps, oil filters 
and high pressure piping, provides a big cut in 
equipment requirements, needs fewer oil seals and 
reduces costly maintenance and downtime. 








Full details from 


Cc. A. NORGREN LTD. 


SHIPSTON-ON-STOUR, WARWICKSHIRE 
Telephone; Shipston-on-Stour 110 and 106 











Th 
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YOUR STEEL CASTINGS 


could have this same unequalled background of 








. . casting experience... . metallurgical knowledge 





... tested reliability ...... proof machining .. . 





Job coming up? Get in touch with 
DAVID BROWN 


An alliance of engineering specialists in gearing, machine tools, 
tools, castings, automobiles and agricultural tractors and machinery 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


Foundries Division, Penistone, Nr. Sheffield. Telephone Penistone 3311 
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Earle, Bourne and Co. Ltd., a part of the 
Delta Metal Co., have been suppliers of 
tubes and rolled metals since 1875. 
Among recent development projects 
they have installed four new heat-treat- 
ment furnaces complete with heavy-duty 
steelworks - type turntable charging 
machine and loading tables. 

The furnaces were designed and built by 
GWB. Each has a heating chamber 
20 ft. long x 5 ft. wide x 3 ft. 6 in. high 
rated at 342 kW in three zones, and 
designed for a maximum operating tem- 
perature of 750° C. Two of the furnaces 
are also equipped with reduced rating 
input control for stress-relieving appli- 
cations. 

At the present time, the furnaces are 
operating 24 hours a day on brass strip 
annealing, work that mostly had to be 
sub-contracted before. The new furnaces 
complete an up-to-date and well- 
organised production line which will 
considerably step up brass strip output 
and ensure better deliveries for Earle 
Bourne’s many customers. 


G.W.B. FURNACES LIMITED (BOILER DIVISION), DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 F URNACES 


Associated with Gibbons Bros. Limited and Wild-Barfield Electric Furnaces Limited 
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GWEB Electric Annealing Furnaces 
help step up brass strip output 


) 





RESISTANCE 








Gws/280 





REGD. TRADE MARK 


(PATENT 744064) 


Te"*Speetol SUPER UNICAM CLAMP 


























(saul) 


Clamping is carried 
out instantly at any 
relative position to the 
clamping strap to suit 
the operator. Ciamp- 
’ ing is just as effective 
with the handle to the 
rear, to the front, or at 
any other position. 


_ COMBINED SCREW yeriion 2iamp han 
AND CAM down the work. 
ACTION | 


MODEL 
4500 






I Illustration alongside 


is depressed to clamp 


2 Operator pushes handle 
to rotate the cam unit 
for final screw clamping 

to increase pressure. 


3 Easily detachable handle 
is being removed, leav- 
ing job firmly clamped 
and allowing cutters to 

pass over work. 


Speed tools LZ 


VEREKER HOUSE, GRESSE ST.. LONDON, W.1. Museum 1039 1099 








The 
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LOW COST automation 
SCENTEC AUTOMIL’ 


suitable for PENDULUM MILLING using 2 fixtures 


HYDRO- 
PNEUMATIC 
TABLE 
DRIVE 





















@ Maximum efficiency when pendulum milling is achieved by 
providing a separately controllable feed rate in each direction. 


@ Idle time is reduced to an absolute minimum by having a fast 
traverse rate of 420 inches per minute. 


@ Great versatility of applications is achieved by a feed range from 
1 inch to 400 inches per minute. 


@ Sturdy fixtures can be utilised because of the 14 inch table 
traverse. 


@ Maximum rigidity of the machine and minimum worker’s 
fatigue is achieved by the low height of the table of the 
machine. 


14 inch TRAVERSE 


Table surface 27 ins. x 6 ins. 
% Works on standard air line pressure. 


Auto-pneumatic index table 


a also vertical swivelling head. 






also the 
FULLY PROGRAMME 
CONTROLLED 


GENTEC gh 


AUTOMATIC 
production milling machine 


Programme includes the cycle control of hori- 
zontal table and vertical head movements, as 
well as start and stop of main spindle. 


Programme quickly set by positioning buttons in 
a programme plate. For short repeating produc- 
tion runs the programme plate can be stored 
saving setting time when repeated. This machine 
will do a great number of consecutive machining 
operations automatically without resetting. 


also PROFILE MILLING with very great accuracy. 
Angles up to 80° to the Horizontal, down to the Table surface 
slowest taper with the “ CENTEC ” 3R. 34 ins. x 11 ins. 


CENTEC MACHINE TOOLS LTD - HEMEL HEMPSTEAD - HERTS + BOXMOOR 584-5-6 
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Not every machine operator has stars in his 
eyes! For the rest, a mundane sequence of 
speed changes, feeds and cuts produces a lot 
of little parts that other people want. And the 
easier the ways of doing this, the happier are 
both a bonus-seeking worker and a budget- 
minded management. In this idyllic 
atmosphere, it seems downright unsporting to 
drop a spanner in the works—and a whacking 
big one at that! Frankly, we dont always agree 
that the way things are done in metal cutting 
are necessarily right. Producing such good 
cutting fluids—and so many of them—tends 
to bias our outlook of course but have you 
ever tried, at one and the same time, to pull 
the wool over the eyes of a metallurgist, a 
planning engineer, a graph-watching 
production assistant and—bless them—a 
cost-conscious purchasing officer? It is just 
impossible. The fact is Fletcher Miller cutting 
fluids are on good terms with all these 
Who fixed the roduction tar et ? gentlemen—and those worthy fellows at shop 

p 2 ° floor level who actually use them. Relieve 
yourself of one headache by consulting us 
about all your production oils. The cure is 
quite painless. Call in the experts. 


cutting fluids 


FLETCHER MILLER LTD., HYDE, CHESHIRE Telephone: HYDE 3471 (Slines). Telegrams: EMULSION, HYDE 
CF 136 
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choose | FLETCHER MILLER 

























130 SHAFTS FACED AND CENTRED PER HOUR 


Facing § Off each end and drilling 
2" centres in 23" diameter Electric Motor 
Shafts in a floor to floor time of 27 
seconds, is typical of the high production 
which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 





@ True faces and accurate lengths 
@ Turned finish 6n faces 


@ Eliminates subsequent facing down 
to centres or recentring 












feng Se ea 
pas 
ocean 


Faces 3 diameter. unter’ 
imum 

Vices have maxi . 
capacity ° $ ee 
Minimum length han a 
Standard bed lengths to 
take work UP to 24, 

or 72° long- 


























We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 


ENGINEERING CO. LTD. [iguseerenmasnnartien: 


COVENTRY nox cova oss Earnie 
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Why T. S. HALL rely on TUFNOL 
for cams and form blocks 


T. S. Hall Limited, of Bristol, main suppliers of grill 
pans to gas and electric cooker manufacturers, now 
use ‘Whale’ Brand Tufnol exclusively for their cams 
and form blocks. 

In this application ‘Whale’ Brand Tufnol has 
many advantages over steel. It is one-sixth the weight, 
making it easier to handle; it can be machined in 
one-fifth of the time; and it costs far less than steel or 
any of the special alloys that have been used. 


The ‘Whale’ Brand Tufnol form block in the main 
illustration has produced over one million grill pans 
—and it is still in excellent condition! 

There are eleven other brands of Tufnol, available 
in sheets, tubes, rods, angles and channels. All 
brands are laminated plastics; each formulated to 
satisfy specific requirements. Your local Tufnol 
Branch Office will gladly provide you with further 
information. 


(REGD. TRADE MARK) 


‘aap| TUFNOL 


TUFNOL LIMITED, PERRY BARR, BIRMINGHAM 228 


‘WHALE BRAND’ 
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* Plastic Moulds 


* Die Casting tools 


% Special Tools 


* Press Tools 


* Jigs and fixtures 








ae 


UNIVERSAL TOOLS LIMITED, tramway PATH, MITCHAM, SURREY. Telephone: MITcham 6111 





A compressor 
or exhauster to suit your needs 
from the wide range made 





by REAVELL 















































Ask us about the compressor or exhauster you require. We hold an 
extremely wide range of types and sizes—reciprocating, rotary and turbo 
—low, medium, high pressure or vacuum—for air and other gases. 
Our machines are known throughout the world for their quality, efficiency 
and durability ...and our manufacturing experience extends over 60 years. 
Do not hesitate to ask our advice on your problem. We are always pleased 
to design and manufacture special machines to your instructions. 
REAVELL & CO. LTD., A Rotary Compressor or 
RANELAGH WORKS, IPSWICH, SUFFOLK Exhauster produced in seven 
TELEPHONE: IPSWICH 56124 sizes with a maximum of 15 Ib. 
waehue per sq. inch pressure or 20 in. 
f é MAKERS OF COMPRESSORS AND Hg. vacuum and a capacity of 








EXHAUSTERS FOR ALL INDUSTRIES from 1 to 59 cu. ft. per min. 
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Se 


AT GEORGE ELLISON LTD 


Town Radial Drilling Machines in the Birmingham 
Switchgear factory of George Ellison Ltd. — 

who first went to Town in 1934. They have since 
bought 36 drilling machines, keeping pace 

with latest improvements in design, and depend on 
them for maximum production rates 


and trouble-free service. 


THE TOWN RANGE IS GIVING HIGH-DUTY 
SERVICE THE WORLD OVER. FOR 

DRILLING MACHINES YOU CAN’T DO BETTER 
THAN “GO TO TOWN” WHY NOT 

WRITE FOR LEAFLETS ? 


FRED‘ TOWN & SONS LTD | ems 


MAKERS OF HIGH CLASS DRILLING MACHINES FOR 58 YEARS 46 
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One of many different types of machines 

















BROCKHOUSE 


MACHINE TOOL 
REBUILDING SERVICE 


Why not consult us about that one-time useful machine tool 








i which is now standing idle? We have a comprehensive machine tool 
(B ROCKHOUS E ) = rebuilding service available for LATHES, AUTOMATICS, 

= MILLERS, SHAPERS, PRESSES and DIE CASTING MACHINES. 
Machines are completely stripped, parts replaced and when 
rebuilt carry our six months’ guarantee. 


SEND FOR DESCRIPTIVE LEAFLET. 





J. BROCKHOUSE & CO. LTD. 
Machine Tool Division 
ELMS WORKS : WOLVERHAMPTON 











aaa PRODUCTION 
_ 4 LATHES 








vidual requirements. 
eg , . . . 

Larger 10; Centre ‘Crowthorn’ 10} Centre and 12} Centre Combination 
model also available. Turret Lathes. The model illustrated above is the 
’ yatcteleyaum Mbbaoa-) ame eT. teat 

Colt b ale biam Cole) | oles) 


»verhead support t 
The turret faces 
other 


CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 
REDDISH . STOCKPORT : ENGLAND ‘ 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


os 
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Whatever 
Wielel 


gauging 
e)ge)e) I-14 nhs 


ww Ly: 


ate\Vicmeals 
answer 





TEDDINGTON INDUSTRIAL EQUIPMENT LIMITED - SUNBURY-ON-THAMES - MIDDLESEX 


TELEPHONE : SUNBURY-ON-THAMES 600 - GRAMS & CABLES: TEDDEQUIP, SUNBURY-ON-THAMES + TELEX: 2-2742 TEDDCONTSNBURY 
1896 
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ELLIOTT, —<cridnil 


MILLING MACHINES 


VERTICAL MODEL 
£1830 including 3 phase electrics 













48” X 113” table 

32” longitudinal traverse 

Power feeds and rapid traverse in all directions 
12 spindle speeds 30- 1,050 r.p.m. or 43- 1,500 r.p.m. 
18 table feeds 0.65- 15 in./min. or 0.93 - 21.5 in./min, 
5h.p. motor 

Backlash eliminator standard equipment 


UNIVERSAL MODEL Investigate the 


£1650 including 3 phase electrics ELLIOTT 


SYSTEM 
(MEMBER of the B. ELLIOTT GROUP) —h— 
VICTORIA WORKS - WILLESDEN - LONDON. N.W.I0 S es pF 


Tel : ELGAR 4050 (14 lines) Grams : Elliottona, Harles, London ELLIOTT OF LONDON GRouP 


ravine LTD Overseas Subsidiaries CANADA « U.S.A.- AUSTRALIA - S. AFRICA 


Blinaciimad HYDRAULIC DIESINKER 


ENGLISH AND FOREIGN PATENTS PENDING 


















Automatic, semi-automatic and hand 


operated in one unit, producing a A machine is 


available at our London 
works for inspection 
and demonstration 

on your samples 

by appointment 


finish equal to conventional hand operated Diesinking machines. 
Equipped with Roughing and Finishing Spindles having infinitely variable speed 
range from 75- 10,000 r.p.m. Capable of heavy cuts or finest detail work 
as shown by the untouched photograph of an actual work sample. 

Variable Table feeds provide rapid approach to cutting area. Up to 30 
reduction in cutting times actually obtained in customers’ works. 
Years of research and development have gone into this competitively priced 
machine to help YOU to provide high-class products economically. 


Telegrams : 


“Viking, Birmingham” 





Telephone : 


GEORGE H. ALEXANDER MACHINERY LTD. Aston Cross 3264 
82-84 COLESHILL STREET - BIRMINGHAM 4- ENGLAND 
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Link Line Transfer Machine 
for Machining Cylinder Blocks 





Experience gained in Renault’s own factories (on the continent and many other 

Industries throughout the World) lies behind the efficiency and economy of 
Renault machine tools. 

Renault machine tools can be supplied for a multiplicity of operations aie 

on large and small parts for a wide variety of industries. Renault 

standardisation reduces machine costs and enables parts RENAULT 

and assemblies of every machine to be were among the 

reclaimed when a change of planning 

makes a machine redundant. 















pioneers of 


MIST LUBRICATION 
which is employed 
throughout in units and 
multiple-spindle heads. 






For further details, please write to:— 


RENAULT MACHINE TOOLS (U.K.) LTD 


SHREWSBURY Tel: Shrewsbury 52317 
(a wholly owned subsidiary of Regie Nationale des Usines RENAULT Paris) 


Aaah 


P5560 
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Wadkin Articulated Arm Router 


cuts machining times by more than 50%, 
on Light Alloy Components 


D. Merrett & Co. Ltd., Tewkesbury, are yet another firm who have 
taken advantage of the new Wadkin High-Speed Milling Techniques. 
Their Wadkin Articulated Arm Router Type L.C.6, recently installed to 
meet rising production costs, has cut machining times by more than 
one-half! Type L.C.6 is a relatively inexpensive, medium capacity 
machine with cutting speeds up to 18,000r.p.m. It has power rise and 
fall to the head, integral base plate, and rising and falling canting 
table. Details of the L.C.6 and the Heavy Duty Machine Type L.C. with 
either 6 ft. or 8ft. reach are given in Leaflet 945. May we send you 








a copy ? 
AVVETe Iie] 
Tel: Leicester 68151 re | sat Tel: MAYfair 7048 Lae 
Wadkin Type L.C.6. face-milling a Valve Body Outlet, for 
Wadkin Ltd., Green Lane Works, Leicester. London Office: 62 Brook Street, W.1. Teddington Aircraft Controls Limited, at D. Merrett & Co. Ltd. 


of Tewkesbury. 





This feature not previously associated 
with Routers enables table to be canted 
I | to the vertical on both the left an 








aes 


right-hand side. 











Wadkin Articulated Face milling a Valve Body Component on — 
Arm Router L.C.6. a Wadkin Type L.C.6 | ae | i a | \ 

















SPEEDRIGHT GAUGE & TOOL COVENTRY 


precision gauge makers 

















(eto) 





length gauges up to 40 inches 


turbine blading 
spline gauges 
recewer gauges 
plug gauges 
form gauges 





162 GRANGE ROAD COVENTRY TEL: 88584 A:I-D APPROVED 
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No other 
equipment 
offers all the 
advanced 
features of 
the 
RowenAre 
SP-3 and $P-4 
welding gun! 





check all these 
features— 


1 Clip on metal Gas Nozzle 
2 Adaptor for Spot Welding Nozzle 
3 Fully insulated metal Barrel 
4 Insulated quick release Guide Tube Clamp 
5 Specially designed Swing Arm 
6 Totally enclosed dynamic wire brake 
7 High impact transparent plastic shield for 
wire protection 
8 Robust moulded handle 
9 Recessed inch button, low voltage 
for safety 
10 Cable and Gas Hose. 50 ft. between 
Gun and Monitor 


applications— 


For all lightand medium consum- ines, Constant Current DC Welding 
able welding wire applications on Machines and DC Motor Generator 
- Mild Steel, Stainless Steel, Alu- Welding Sets. 

minium Alloys and Copper Based 

Alloys. The only equipment de- 

signed for time control spot weld- 

ing applications, using C.V.A.S. 

Controls as an optional extra. 

A wide range of Control Monitors 

can be offered making the equip- 

ment suitable for use with Con- 

stant Voltage DC Welding Mach- 


ROW EN -ARC Division of Rubery Owen & Co.Ltd 


Longford Works, Blackhorse Road, 
Longford, Coventry. Bedworth 2179 y 3 ~ 


Member of the Owen Organisation cRAS 


London Office:- 
Kent House, Market Place, Oxford Circus, W.1. 








All4 


For a 
precision 
finish, 
start with 
a Malcus! 





O 
el 


Block bearings for the 
main spindle 


ae: 


Compensated dressing 
and micrometer 
adjustment 








Infinitely variable 
regulating wheel speed 











Axial adjustment of 


regulating whee 


Easy odjustment of 


grinding wheel feed 
Double contro! 














MALCUS 
GENTRELESS GRINDERS 


MC.35 and MC.50 
With Precision Block Bearings 


Always Selsons for Machine Tools 


The Selson Machine 
SUNBEAM Bene, aenen, N.W.10. 


ephon 


8 Were) an @ree 


STANNINGLEY, Near LEEDS 


Tire 
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HIGH GRADE MACHINE FILES 








61 sizes, 4”, 5”, 6” & 8” long with two flat tangs for 
= THIEL 111 and other filing machines. All sizes in bastard 
and smooth cut. 

17 sizes, 6”, 8” & 10” long with location point and tang 
for THIEL 111 and 115 and other machines. Bastard 
cut only. 


to — b- x y 
FLAT SQUARE TRIANGULAR 
if om fu ff 


* | 
FISHBACK KNIFE EDGE 





Round Edge 


WRITE TODAY Dept. C/F for Stock list and prices. 


WELSH HARP, EDGWARE RD, LONDON, NW2 1.46) c KW E LL | 


TEL: GLADSTONE 0033 MACH TOOL 





Also at BIRMINGHAM: Tel: SPRINGFIELD 1134/5 » STOCKPORT- Tel: STOCKPORT 5241 
GLASGOW + Tel: MERRYLEE 2822 








SAFETY 


CT “Sees 


British and Foreign Patents and Registered Designs 


Safety fetas mobility 


Prevent accidents! Augur Safety Steps can 
be used with perfect confidence. Built for 
hard wear and adaptable to all types of work. 
Fitted with retractable castors and Safety 
Domes. STEPS LOCK AUTOMATICALLY 
WHEN MOUNTED. _Ball- neearing swivel 
castors for easy r 
by Safety Officers, Factory inapectors and 
Insurance Companies. 





= 


J a 

















Platform Units as il- 
lustrated above are 
built to special re- 
quirements and to 
the same principles 
as oa Augur Safety 


Step: 
AUGURSafety Steps. Ks 


All Welded Tubular 
Structures. Safety 
Rail for security. 
User has both hands 
free for work. 
Take the first step 

to safety — 
Use AUGUR. Step on 
with confidence and 
speed up your work, 


Step off — 
it’s mobile 





Step on— 
it’s rigid 


Manufactured by 
HAYES & BISHOP LIMITED, LONDON 
for exclusive distribution by their Associated Company 
VULCASCOT (GREAT BRITAIN) LIMITED 
87-89 ABBEY ROAD, LONDON. N.W.8 
Telephone: MAlda Vale 7374/5 
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PERFORATIONS 
IN PROFUSION 





When it is a question of shape, think of the variety Braby Perfor- 
ations offer — rounds, squares, diamonds, hexagonals, slots and 
ovals in a host of sizes and arrangements. When it comes to 
applications, consider their perfect suitability for screening plant, 
acoustic panels, filters, silo floors, machine guards, accumulator 
plates, decorative radiator and pipe guards, cable trays, food 
strainers and a variety of uses in the electrical industry. 

Braby Perforations are obtainable in metals, plastic, cloth, leather, 
hardboard and other materials. Steel perforations can be galvanized, 
plated, painted, plastic-coated, etc., as required. 

Our skilled staff and modern equipment are at your service for 
producing special design tools. 


Write for fully illustrated Catalogue P. 10. 


FREDERICK Brabry, & COMPANY LIMITED 


CRAYFORD: LONDON WORKS, THAMES ROAD, CRAYFORD, KENT. Telephone: Crayford 26262 
HEAD OFFICE: BRABY HOUSE, SMITHFIELD STREET, LONDON, E.C.1. Telephone: CENtral 2388 


CRAYFORD - LIVERPOOL - GLASGOW .- BRISTOL - BELFAST - PLYMOUTH 
MEMBER OF BRABY OF BRITAIN GROUP 
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PARRAMORE’S 





F. PARRAMORE & SONS (1924) LTD 
DEPARTMENT 5 
CHAPELTOWN SHEFFIELD. Telephone: ECCLESFIELD 3144 
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Simple Setting - High Production 


With Bethdedebicaam automatics 


- ld Ul 







TYPE 994 


CAPACITY 
Round Bars. Dia. - 
Hexagon Bars. A/F 0.71” 


Square Bars. A/F 
Maximum Travel of Tailslide 2” 
Maximum Travel of cross slide 4” 


SPINDLE SPEEDS 


Y Speed Range 810-2,5C0 r.p.m. 
Yous wy, No. of Speeds 14 
Y Md MUU 

YZ 

y/, CAPACITY 

Y Round Bars. Dia. 1¢” 
Y/ Hexagon Bars. A/F 1.01” 
/ Square Bars. A/F i” 
7 


Maximum Travel of Tailslide 24” 
Maximum Travel of cross slide | §” 
SPINDLE SPEEDS 

Speed Range 280-1,900 r.p.m. 
No. of Speeds 12 


GQ 
MANN 


_— 





nn Siediewm Machime Tools Ltd 


P.O. BOX No. 56° GOSFORD STREET : COVENTRY 
Telephone: COVENTRY 22132-6 Cables: ‘MODERN’ COVENTRY 
SM/MMT 6340 








WHEN YOU BUY a stop-watch from DEMBO you get the best after- 


sales service available —and it’s free! 


All stop-watches bought from DEMBO carry free insurance against 


For full details and illustrated brochure write to: 


loss or theft and are unconditionally guaranteed for one year — even in 


the case of accidental breakage. All repairs are free of charge and the 


timers are tested electronically to ensure maximum accuracy. 


MBO 


WE SHALL BE PLEASED to advise you on your particular time-study 


problems and, if you wish, arrange for you to have a selection of 


suitable timers on 7 days’ FREE TRIAL. Prices from £7-5-0. 


MAIN DISTRIBUTORS FOR HEUER & LEMANIA - 


(Dept. P.E.) 
6 PARK STREET - BRISTOL 1 
Telephone : 23831 


PRECISION WATCHMAKERS TO INDUSTRY 
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4° 
jd CRUSH FORM GRINDING 
at 
14 TELEPHONE & ELECTRICAL 
INDUSTRIES PTY. LTD. 
MEADOW BANK 
AUSTRALIA 
O° 
i" 
24° 
18” 
aS *o ir ttt, 2, lll 
= = he i > » 
a 
weg = oe i : 4 
RY cme 
TRY 
on Telephone and Electrical Industries Pty. Ltd., of 
Australia use a JONES SHIPMAN MODEL 1012 
CRUSH FORM GRINDING MACHINE with a 
special fixture for accurately grinding the various 
pawls used in the assembly of their telephonic 

The wheel crushing process provides equipment. 

a simple inexpensive means of produc- , Saiaky ; 
ing parts having intricate contours to Rotary pawls as illustrated and similar pawls are 

a precision limits, on a high production used extensively in telephone exchange switch 
basis. mechanisms. 

Using the crush formed wheel many . . 7 
such parts can be ground from the solid, : 1 Oe ee: 9 — —_ nm —_= " 
thereby eliminating the costly _ pre- included angle from 30° to 40° and a tip not 
machining otherwise normally involved. exceeding .006” ground on them. 
JONES = surPman aren 

~ Er lt PD rir A K 
grinders 
to: 
4 A. A. JONES & SHIPMAN LTD. 
s li Leicester. Telephone: 823222 
1 London Office : 50/52 Great Peter Street, London, S.W.1. Telephone : ABBey 5908/9 
RY 
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installation and servicing work. 
Supplied as a handy and compact kit, 
Leytool offer a comprehensive range of 7 
sockets, a reversible ratchet spanner, a 3” driver 
and an extension piece for long reach—all made 
of hardened chrome alloy steel... plus a strong 
metal container. 


Write for full details of Leytool Ratchet Spanners. 


LEYTONSTONE JIG & TOOL CO. LTD. tevtoor works, nic RD., LEYTON, LONDON, E.10. 


Phone: LEYtonstone 5022-3-4. 












Let us 
be your 
machine 
shop! 






for stop... 
gO... 

fast... s-l-o-w 
machining 










Electromagnetic 
Multiple Disc 


CLUTCHES 


» ty if wh » - ** 





Complete facilities plus cut non-productive time toa minimum 
precision & service second to none Electromagnetic Multiple Disc Clutches  * Unit unaffected by oil 
a have proved their efficiency and reliability * No adjustment required at any 
apstan and centre lathe wor s on a wide variety of machines. Time loss is ime 
@ Cap d lath k sommiieil id i f hi Time 1 ti 
@ Milling—ail types ’ ee vee minimised during changeover stops. Work * Small dimensions at 
@ Surface and universal grinding Cg eae spindle speed can be varied over a wide range high torques 
@ G-SIP jig boring making, ec. at constant power. Ratios of feed-drivespeed  * Low energy consumption through 
@ Centreless grinding to meet your to rapid-motion speed in excess of 1:50 are efficient flux utilization 
@ Copy turnin every need. easily obtained. * For torque transmission over very 
ec de ct cuttin ATD & ARB These Clutches facilitate special production wide range 
e Th d milli & Approved such as automatic machining of a wide Our Electromagnetic Multiple 
read milling variety of work-pieces. Disc Clutches are available in 








various designs. 


Faraday Works - Gt West Rd - Brentford - Middx 
Telephone: ISLeworth 2311 

Grams: Siemensdyn, Brentford, Hounsiow 
Telex. No. 25337 


MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333 (3 lines) 





Smee’s S100 
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For counting, controlling, protecting 


Londex Photo- Electric Equip- 
ment can be combined and 
adapted to do a large variety 
of jobs — automatically. When 
counting items on a warehouse 
conveyor or a production line, 
for example, the photo-electric 
eye never wanders, never gets 
tired or bored and Londex elec- 
tronic counters can operate at 
speeds impossible to the human 
eye. 

Londex photo-electric equipment 
can be made to detect breakages, 
flaws, tears, gaps and pile-ups as 
well as opening and closing doors, 
diverting conveyor flow and 
acting as policemen and nurse- 
maids. 

Write for comprehensive booklet 
No. 108. You will be fascinated 
by the ingeniously simple and 
low-cost ways in which Londex 
photo-electric equipment can 
help many of your processes. 





Smoke Alarm and 
Density Units 


Complies with BSS 2470 


Smoke density is measured by a photo- 
electric cell actuated by a parallel light 
beam which passes across the flue on to 
the Receiver Head. Not only does it 
protect the user from unknowingly 
breaking the Clean Air Act law but it 
warns the engineer of any undesirable 
variation in smoke density. 

If you have heavy smokers among your 
chimneys or smoke ducts, ask us for 
details of Unit type SAU contained 
on List 180. 








The switch that ‘‘sees”’ 
its duty clearly 


The Londex type DCR Night/Day 
Switch is operated by the level of 
daylight. It is therefore obviously more 
logical than a time switch. This photo- 
electric robot controls lights or other 
electrical circuits in factories, railway 
sidings, loading bays, hotel and theatre 
foyers. Needless to say, it is just the 
thing for street lighting and advertising 
signs. 

List No. 116 gives full particulars and 
is available on request. 





ANERLEY WORKS, LONDON, S.E,20 
Telephone: SYDenham 3/1! 


TA 4597 
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+ MILD, CARBON 
31 RANGE OF QUALITIES , 6 ® AND CASE- 
12 Steels in the carbon range 0.080/0.85% 4 v HARDENING 
Case-hardening steels. : 4 
Free-cutting steels. © oe 
Low alloy steels. @ 
se For machining, bright drawing, forging, @ 
= drop stamping and general engineering. 
97 RANGE OF PRODUCTS 
= Billets from 3” sq. upwards. 
52 Rounds from 3” to 9}”. 
Hexagons from 3" to 33”. 
es Squares from 3” to 43”. SS 
09 Flats in certain sizes. = = STEELS FOR 
60 Colliery roof supports and accessories. = FORGINGS 
- Special T.H. yielding arches. == Oar _ genie 
- COILED BARS DS 
4 Rounds 3” to 2%” in 500 lb. coils. —— = STAMPINGS 
ce Rounds 3” to 144” in 900 Ib. coils. ——= = 
0 Hexagons a to ig” in 500 Ib. coils. SSS 
Hexagons 33" to 1” in 900 Ib. coils. —— 
= Coils may be split if required. 
" COLD FORGING QUALITY WIRES 
0.240” to 0.550” in 500 Ib. coils. 
5 0.550” to 1.000” in 900 Ib. coils. 
i: Coils may be split if required. 
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inj TELEPHONE: ROTHERHAM 2141 (15 lines) TELEGRAMS: YORKSHIRE, PARKGATE, YORKS. TELEX 54141 
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Get going with /,., whatever the job. 
gives fierce or gentle /¢ ; fast or slow 


flexible ; fully automatic ... but always clean, 


economic and reliable . With the benefits of the indus- 


try’s research and its free technical advisory service, enjoy 


confidence with ISSUED BY THE GAS COUNCIL 














